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PREFACE 


The  Hughes  Aircraft  Company  Pioneer  Venus  final  report  is  based  on 
:udy  task  reports  prepared  during  performance  of  the  "System  Design-Studv 
i the  Pioneer  Spacecraft.  " These  task  reports  were  forwarde-d  to  Ames 
esearch  Center  as  they  were  completed  during  the  nine  months  study  phase, 
he  significant  results  from  these  task  reports,  along  with  study  results 
eveloped  after  task  report  publication  dates,  are  reviewed  in  this  final 
eport  to  provide  complete  study  documentation.  Wherever  appropriate,  the 
tsk  reports  are  cited  by  referencing  a-task  number  and  Hughes  report  refer- 
nce  number.  The  task  reports  can  be  made  available  to  the  reader  specific- 
ity interested  in  the  details  omitted  in  the  final  report  for  the  sake  of  brevity. 

This  Pioneer  Venus  Study  final  report  describes  the  following  baseline 
onfigurations: 

• "Thor/Delta  Spacecraft  Baseline"  is  the  baseline  presented  a t- — 
the  midterm  review  on  26  February  197  3. 

• "Atlas/Centaur  Spacecraft  Baseline"  is  the  baseline  resulting 
from  studies  conducted  since  the  midterm,  but  prior  to  receipt 
of  the  NASA  execution  phase  RFP,  and  subsequent  to  decisions 
tu  launch  both  the  multiprobe  and  orbiter  missions  in  1978  and 
use  the  Atlas/Centaur  launch  vehicle. 

• "Atlas/Centaur  Spacecraft  Midterm  Baseline"  is  the  baseline 
presented  at  the  26  February  197  3 review  and  is  only  used  in  the 
l.  nch  vehicle  utilization  trade  study. 

The  use  of  the  International  System  of  Units  (SI)  followed  by  other 
nits  in  parentheses  implies  that  the  principal  measurements  or  calculations 
ere  made  in  units  other  than  SI.  The  use  o SI  units  alone  implies  that  the 
rincipal  measurements  or  calculations  were  made  in  SI  units.  All  conver- 
ion  factors  were  obtained  or  derived  from  NASA  SP-7012  (1969). 

The  Hughes  Aircraft  Company  final  reoort  consists  of  the  following 
ocumcnts: 

Volume  1 - Executive  Summary  - provides  a summary  of  the  major 

issues  and  decisions  reached  during  ttie  course  of  the  study.  A brief 

description  of  the  Pioneer  Venus  Atlas/Centaur  baseline  spacecraft 

and  probes  is  a'so  presented. 
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Volume  2.  - Science  - reviews  science  requirements,  decumcnts  the 
s c ienc e •»  peculiar  trade  studies  and  describes  the  Hughes  approach 
for  science  implementation. 

Volume  3 - Systems  Analysis  - documents  the  mission,  systems, 
operations,  ground  systems,  and  reliability  analysis  conducted  on 
the  Thor/Delta  baseline  design. 

Volume-4  - Probe  Bus  and  Orbiter  Spacecraft  Vehicle  Studies-  - 
presents  the  configuration,  structure,  thermal  control  and  cabling 
studies  for  the  probe  bus  and  orbiter.  Thor/Delta  and  Atlas/Centaur 
baseline  descriptions  are  also  presented. 

Volume  5 - Probe  Vehicle  Studies  - presents  configuration, 
aerodynamic  and  structure  studies  for  the  large  and  small  probes 
pressure  vessel  modules  and  deceleration  modules.  Pressure 
vessel  module  thermal  control  and  science  integration  are  discussed. 
Deceleration  module  heat  shield,  parachute  and  separation/despin 
are  presented.  Thor/Delta  and  Atlas/Centaur  baseline  descriptions 
are  provided. 

Volume  b - Power  Subsystem  Studies 

Volume  7 - Communication  Subsystem  Studies 

Volume  8 - Comniand/Data  Handling  Subsystems  Studie-s 

Volume  9 - Altitude  Control/Mechanisros  Subsystem  Studies 

Volume  10  - Propulsion/Orbit  Insertion  Subsystem  Studies 

Volumes  b through  IQ  - discuss  the  respective  subsystems  for  the 
probe  bus,  probes,  and  orbiter.  Each  volume  presents  the  sub- 
system requirements,  trade  and  design  studies,  Thor/Delta  baseline 
descriptions,  and  Atlas/Centaur  bas eiine  descriptions. 

Volume  11  - Launch  Vehicle  Utilization  - provides  the  comparison 
between  the  Pioneer  Venus  spacecraft  system  for  the  two  launch 
vehicles,  Thor/Delta  and  Atlas/Centaur.  Cost  analysis  data  is 
presented  also. 

Volume  12  - International  Cooperation  - documents  E-lughes  suggested 
alternatives  to  implement  a cooperative  effort  with  ESRO  for  the 
orbiter  mission.  Recommendations  were  formulated  prior  to  the 
deletion  of  international  cooperation. 

Volume  13  - Preliminary  Development  Plans  - provider-  the 
development  and  program  management  plans. 


Volume  14  - Test  Planning  Trades  -duaimenls  studies  conducted  to 

!■  I ■ ™ I — —'I  I ■-  ill.  ^ I I I 

dote riiii'U!  the  desirable  testing  approach  for  the  Thor/Della  space- 
craft system.  Final  Atias/Centaur  tcsL  plans  arc  presented  in 
Volume  li. 

Volume  15  - Hughes  IR&  D Documentation  - provides  Hughes  internal 
documents  generated  on  independent  research  and  development  money 
which  relates  to  some  aspecLs  of  the  Pioneer  Venus  program.  These 
documents  are  referenced  within  the  final  report  and  are  provided  for 
ready  access  b\  the  reader. 

Data  Book  - presents  the  latest  Atlas/Centaur  Baseline  design  in  an 
informal  tabular  and  sketch  format.  The  informal  approach  is  used 
to  provide  the  customer  with  the  most  current  design  with  the  final 
report. 


The  General  Electric  Company  as  a major 
s ubconstractor  to  Hughes  Aircraft  Company 
provided  the  analysis  and  test  data  for  the 
deceleration  module  subsection  in  Volume  5, 
Probe  Vehicle  Studies. 
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].  SUMMARY 


This  volume  addresses  the  probes'  vehicular  subsystems  in  a three- 
part  presentation:  1)  this  summary  of  key  issues  / studies  and  the  resultant 

probe  designs;  2)  a section  devoted  to  the  pressure  vessel  module  and  the 
subsystems  it  comprises;  and  3)  a section  describing  the  d-e-celerat ion  module, 
its  subsystems,  trades,  and  studies. 


1.  1 PROBES  MAJOR  ISSUES 

The  major  issues  encountered  in  the  probes  studies  are  summarized  in 
Table  1-1.  The  selections  listed  where  trades  are  involved  refer  to  the  Atlas/ 
Centaur  mission;  Thor/Delta  choie-es  are  described  in  the  body  of  the  volume. 

The  k-ey  deceleration  module  issues  are  aerodynamic  configuration  anti 
heat  shield  material  selection.  The  aerodynamic  configuration  is  important 
because  of  vehicle  stability,  overall  system  weight,  motion  predictability,  and 
development  cost.  A series  of  wind  tunnel  tests  led  to  the  choice  of  a 4r)  deg 
half  angle  conical  forebody  for  both  large  and  small  probes. 

The  heat  shield  material  selection  ha*  two  important  implications: 
weight  and  the  predictability  of  probe  mass  at  any  point  during  the  entry. 

The  latter  is  of  concern  in  the  atmosphere  reconstruction  experiment.  The 
material  chosen  was  carbon  phenolic  since  it  satisfies  both  criteria  and  has 
a sizable  body  of  flight  experience  behind  it.  Tests  were  performed  during 
the  study  that  support  this  choice. 

The  pressure  vessel  modulo  issues  are  more  numerous  because  of  the 
relative  complexity  of  this  portion  of  the  vehicle  and  the  more  severe  environ- 
ment in  which  it  must  operate.  Large  probe  aerodynamic  configuration  heads 
the  list  because  of  the  necessity  to  provide  a stable  platform  for  the  instrument 
payload.  Again,  wind  tunnel  msts  were  run  and  it  was  determined  that  several 
acceptable  configurations  exist,  all  of  a basically  spherical  shape.  The  shape* 
chosen,  a ring- stabilized  sphere,  was  selected  because  it  is  structurally  the 
most  efficient  for  withstanding  high  external  pressure's  and  is  the  easiest  to 
integrate  mechanically  into  the  deceleration  module. 

The  pressure  vessel  module-  must  be  thermally  protected  during  its 
final  descent,  and  the  choice  between  an  internal  and  an  external  insulation 
system  influences  instrument,  access,  development  cost,  environmental  test 
requirements,  and  system  weight.  An  internal  fiberglass  insulation  is 
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TABLE  1-L  MAJOR.  PROBE  ISSUES 


1 .IK- 

I'-.t  -i-liii*  i ••.ii'ijjiirutioii 

Alternative** 

liiilinnith-  f**r  Sell « If  or. 

|>i  . i ler.il  urn  module 

Ae  roiivnuttu  * • 

•1*'  «l«-k*  li.ll  “.lllk'll-  • nil*  , 

both  nrulK- 

>r»  «|eg  • one  an  file 

•l‘>  deg  illov/-.  same  small  probe 
-(ability  margin  for  * malic  r bast- 
diameter;  large  probe  same  as 
small  for  lower  wind  funnel  *oms 

1 lent  hid*!  male rial 
Pro-  ii re  v * - -el  i im kU J e_ 

('ai'hoil  |)lte;iolt* 

Phenolic  nylon 

I ess  .list  rpfihle  to  tin*  ertaintms  in 
atmosphere , modeling}  more  predu  table  j 
probi  mas-,  losr 

Aerodynamic  « oufi^nratio'i 

K mu  - stabilized  -t*-pp«,i! 
-phi- re  wit  h integral  .-pin 
vane 

Steps,  fins,  ri iii*s, 
flare-  for 
stabilization 

Easiest  of  -table  * onfi durations  to 
integrate  into  doc  (deration  module 

Thermal  proto*  tinn 

Internal  fi  herein -- 
insulation,  heat  sinks 

External  Min-K 
insulation 

Lower  development  rout#  easier 
equipment  acres*,  lower  risk 

St  r « i»  tura  1 • onfinuration 

Sphcri*  al  mono*  oque 
-tool  shell 

Waffle  sandwich; 
titanium,  beryllium 

Mono*  oque  lightest,  lowest  c ost 
structure;  steel  most  compatible  with 
environment 

Equipment  intecr* tinn 

Two  horizontal  equipment 
-helve**;  top  -hell 
-upportrd  from  bottom 
.-hoi t' ; bottom  attached  to 
shell  flam;.- 

Ve rti * al  .-helve* ; 
both  mounted  on 
-hell  flames 

Easiest  equipment  a <cc*k , best 
thermal  isolation 

Instrument  integration 

All  instrument-  shelf- 
numnted;  all  window  a 
heated:  outer  windows 
jettisoned  at  40  km 


Shell  mounting; 
window  wipers 

Instrument  a*  * ess,  alignment,  and 
p rote ctiTTrr  arc  key  c onsiderations 
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superior  in  cost,  reliability,  accessibility  anil  acceptable  in  weight  ant!  hence 
was  selected  fur  At  las  H lent  an  r . 

Thu  pressure  vessel  module  structure  < onfigurat ion  and  material 
selection  was  also  the  subject  of  experimental  investigation,  where  it  was 
found*  that  a spherical  monocoqne  strut  lure  was  the  most  efficient  design. 

Steel  was  chosen  as  the  material  because  it  affords  the  fevest  number  of 
environmental  incompatibilities.  The  pressure  vessel  structure  together 
with  the  thermal  control  systems  are  of  prime*  importance  because  together 
they  account  for  40  percent  of  the  total  probe  weight. 

An  almost  equally  important  factor  in  probe  design  is  the*  integration 
of  instruments  and  subsystems  into  the  pressure  vessel  module,  because  of 
the  need  for  equipment  accessibility  on  the  one*  hand  and  the  desire  to  keep 
package  volume  as  low  as  possible  on  the  other  (structural  weight  is  directly 
proportional  to  enclosed  volume).  Consequently  a great  deal  of  effort  was 
devoted  to  subsystem  packaging  concepts  as  well  as  to  equipment  arrangement 
within  the  pressure  vessel. 

Each  of  the  science  instruments  poses  its  own  integration  problem, 
and  most  require  some  penetration  of  the  pressure  vessel  shell.  Instrument 
integration  was  considered  a major  issue,  because  of  the  number  and  variety 
of  instruments  and-their  accommodation  in  a volume-limited,  spherical 
vehieTe-.  The  design  effort  expe-nded  in  this  area  was  considerable,  as  may 
be  seen  later  in  this  volume. 

This  summary  has  only  highlighted  a few  items  of  a rather  detailed 
study  program.  The  list  of  issues  outlined  above  highlights  key  facets  of  the 
study  effort;  however,  it  represents  a small  number  of  the  total  28  studies 
in  the  pressure  vessel  module  design  alone. 


1.2  PROBE  DESIGN  FOR  THOR/DELTA  MISSION 
Large  Probe 

The  external  configuration  of  the  large  probe  for  the  Thor/Delta 
mission  is  shown  in  Figure  1-1.  The  probe  is  116.8  cm  (46.0  in.)  in 
diameter,  73.  2 cm  (28. 8 in.  ) long,  and  weighs  1 14.  5 kg  (252.  6 lbs.  ) 
mounted  on  the  multiprobe  bus-  It  has  a 55-deg  half  angle,  conical  fore- 
body  with  nose  radius  half  the  base  radius.  This  is  the  PA  ET  forebody 
configuration,  so  that  a considerable  body  of  aerodynamic  data  exists  for 
it,  and  it  is  also  the  minimum  weight  configuration.  The  base  diameter 
was  selected  to  provide  suffic  ient  volume  for  packaging  the  parachute  sub- 
system in  the*  annulus  around  the  pressure  vessel  module  and  to  ensure  thai 
the  probe  e.g.  is  forward  of  the  base  plane*.  The  latter  in  turn  assures  ade- 
quate! dynamic:  stability. 
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FIGURE  M.  THOR/OELTA  LARGE  PROBE  CONFIGURATION 
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conical  ribbon  i nni igurat  inn  ami  tin'  main  l imit1  i uni  irnrai  i.m  if  ;•  bis.  .'an 
band.  Both  are  made  of  nylon.  The  mortar  is  initiated  at  aimiil  Mint  n.  • 
based  on  a pro- sot  t ime  from  a dm  •ah' rat  ion  rvi'itl,  and  f i r os  1 1 < pilot  * 1 ut  • 
into  the  airslri  am  normal  to  the  probe  flight  path.  Hie  pilot  »!mii  in  torn 
removes  the  aft  cover  and  extracts  the  main  elmte  from  its  housing  id  a 
Mae h 0.7.  Two  seconds  after  mortar  initiation  the  wire  harness  i ■nn.  > ’ n. 
the  pressure  vessel  moduli'  to  the  deceleration  module  is  severed  nv  a in  !i 
cutter.  Three  seconds  after  mortar  initiation,  the  three  explosive  i.ut  s • 
attach  the  pressure  vessel  module  to  the  aeroshell  mounting  bolts  are  a • : ;i • • :. 
By  this  time  the  main  parachute  has  deployed  and  stabilized,  so  that  it  is  n..v 
free  t.ci  extract  the  pressure  vessel  module.  The  parachute  diameter  is  i ir< 
so  that  it  wilt  provide  2 g relative  acceleration  between  pressure  vessel  and 
deceleration  modules. 

The  pressure  vessel  moduli /parachute  subsystem  is  stabilized  and 
at  terminal  velocity  at  an  altitude  of  approximately  u8.  5 km.  It  remains  in 
this  configuration  to  an  altitude  of  5"  km.  at  which  time  the  tiiri  e explosive 
nuts  attaching  the  parachute  to  the  pressure  vessel  module  are  initiated  and 
the  pressure  vessel  falls  free.  The  55  km  jettison  altitude  results  from  a 
weight  minimization  study  involving  transmitter  power,  battery  si/.e.  and 
insulation  thickness,  described  in  Volume  3. 

Pressure  Vessel  Configuration 

The  large  probe  pressure  vessel  module  is  a sphere  of  <>0  cm  (23.  u in.  ) 
external  diameter,  which  provides  an  internal  volume  54.  b cm  (21.  ^ in.  ) in 
diameter.  It  houses  all  science  instruments  (r\i  i-p!  the  shock  layer  radiometer) 
and  the  complete  power,  radio,  and  data/c. iinmand  subsystems,  ll  is  illustra- 
ted in  a-n  exploded  view  in  Figure  1-3,  while  a cross-section  show ng  subsystem 
locations  appears  in  Figure  1-4. 

The  pressure  vessel  is  stabilized  in  free  fall  by  a ring  t>  cm  (2.4  in.  ) 
aft  of  the  equator.  The  ring  stabilizes  by  causing  flow  separation  to  occur 
at  a fixed  point  on  the  body  regardless  of  angle  of  attack,  ll  also  contains 
three  open  areas  which  in  turn  contain  smalt,  canted  vanes  to  provide  pressure 
vessel  rotation.  This  stabiliza’  ion  technique  was  selected  as  the  result  of 
a series  of  wind  tunnel  tests  in  which  several  i andidate  configurations  were 
found  to  have  adequate  stability,  in  this  configuration  the  ring  also  serves  as 
the  structural  adapter  between  pressure  vessel  and  aeroshell  and  does  so 
while  minimizing  beat  leaks  to  the  pressure  vessel  structure,  thereby  mini- 
mizing system  weight. 

The  basically  spherical  shape  is  also  dictated  by  weight  considerations. 
Because-  of  the  inherent  structural  efficiency  of  a spherical  shell,  this  confi- 
guration was  found  to  be  lighter  than  alternate  con* igurat  inns  which  housed  the 
same  payload  with  less  'Waste''  volume. 
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FIGURfc  13.  THOR/DELTA  LARGE  PROBE  PRESSURE  VESSEL  MODULE 
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TABU-:  1-2.  I.AKC’.K  PROBE  WEIGHT  SUMMARY 
- T1IOU/DKLTA  MISSION 


I'pf el  o r;i( ion  mud ul c 


U oa  1 shield 

12. 

0 

(2  b. 

5) 

St  nil  t ii  r«' 

15. 

5 

(51. 

1) 

All  i in  e r 

5. 

9 

( 

H. 

<> ) 

Parachute 

5. 

7 

( 

8. 

ty 

(Tabling 

1 . 

0 ( 

> 

4-  , 

0 

Pressure  vessel  separation 

1. 

* 

( 

) 

L.  • 

K) 

Inst  rumentntiem 

0. 

> 

t— 

( 

0. 

4) 

Ballast 

0. 

7 

( 

1 . 

b ) 

Science  instruments 

1. 

1 

( 

2. 

S) 

Pressure  vessel  module 

Structure 

25. 

0 

(S5. 

1) 

Thermal  control 

7. 

5 

(lb. 

5) 

Radio 

5. 

0 

( 

8. 

0) 

Gommaml/data  handling 

2. 

1 

( 

4. 

7) 

Povvc  r 

11. 

2 

(24. 

7) 

Antenna 

0. 

7 

( 

1. 

5) 

Cabling 

0. 

9 

( 

1. 

9) 

Equipment 

0. 

i 

( 

1. 

6) 

Science  instruments 

21. 

4 

(‘17. 

1) 

Entry  weight 

Bus  separation 

2. 

0 

( 

4. 

Weight  on  bus 


59.  5 kg  ( K7.  0 Hr) 


7 5.  1 kg  (101  . 1 lb) 


112. 5 kg  (248.  I lb) 


IK.  5 kg  (252.  b lb) 


Pressure  Vessel  Construction 


Referring  to  Figure  1-3,  the  pressure  vessel  module  is  seen  Itj 

contain  two  shelves  on  which  all  science  instruments  and  housekeeping  sul>- 
systems  are  mounted.  The  shelves  are  attached  to  flanges  machined  into 
each  half  of  the  basic  structural  shell.  The- shelves  are  of  aluminum  honey- 
comb sandwich  construction,  while  the  shell  is  a C.  3 cm  (0.  12  in.  ) thick 
titanium  monocoquc  structure.  Titanium  was  tentatively  chos.n  early  in 
the  study  as  the  result  of  an  analytical  and  experimental  program  which 
demonstrated  that  it  afforded  the  minimum  weight  solution.  The  hemispheres 
arc  joined  by  flanges  which  contain  the  main  pressure  seal  and  to  which  the 
aeroshell  adapter  is  mounted.  Each  hemisphere  is  protected  by  a layer  of 
Min-K  insulation  2-3  cm  (0.  9 in.  ) thick  held  in  place  by  a 0.  03  cm  (C . 01  in.  ) 
titanium  retainer. 

The  pressure  vessel  shell,  insulation,  and  retainer  have  19  penetra- 
tions: six  for  instrument  windows,  six  for  other  instrument  access  ports, 

and  seven  for  harness  and  housekeeping  access  panels.  Each  of  these  pene- 
trations must  be  pressure  sealed,  each  represents  a potential  structural 
failure  point,  and  only  four  are  similar  in  construction. 

The  instrument  windows  are  of  two  types:  those  that  must  function  in 

visible  wavelengths,  and  tho^e  that  must  function  in  infrared  wavelenglhs. 
Sapphire  has  been  chosen  as  the  material  for  ttre  former  on  the  basis  of  maxi- 
mum transmittance  and  hardness  and  minimum  weight,  while  chemically 
vapor  deposited  j;inc  selenide  is  chosen  for  the  latter  on  the  same  basis  plus 
minimum  in-band  emitcance.  Al'  windows  have  heaters.  All  windows  that 
must  function  below  40  km  altitude  have  jettisonablc  outer  elements  (see 
Section  3.  1 ).  Sections  4.  3 and  4.  (■  provide  detailed  descriptions  of  these 
penetrations . 

Pressure  Vessel  Insulation 

The  pressure  vessel  is  externally  insulated  with  a 2.  3 cm  (0.  9 in.  ) 
layer  of  Min-K,  a rigid,  low-density,  porous  material  whose  conductivity 
is  about  equal  to  the  conductivity  of  the  gas  in  which  it  is  immersed.  This 
selection  was  made  after  considering  other  insulating  materials  applied  on 
both  the  inside  and  the  outside  of  the  pressure  vessel.  It  provides  the  minimum 
combined  weight  of  structure  plus  insulation.  Average  shelf  mounting  surface 
temperatures  are  held  below  52°C  (125°F)  with  no  local  peak  temperature 
above  60°C  (140° F). 

Probe  Weight 

The  large  probe  weighs  114.8  kg  (293.6  lbs.  ) mounted  on  the  multi- 
probe bus.  73.  1 kg  of  that  total  are  in  the  pressure  vessel  module,  of  which 
21.4  kg  are  science  instruments.  The  probe  has  a ballistic  coefficient 
(W/Cj)A)  at  entry  of  78  kg/m^  (16  lb/ft^).  A weight  breakdown  by  subsystem 
is  given  in  Table  1-2. 
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FIGURE  1-5.  THOR/DELTA  SMALL  PROBE  CONFIGURATION 
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Configurat  ion 

The  email  probe  external  configuration  is  illusl rated  in  Figure  1-5. 

It  is  61.0  cm  (24.  0 in.  ) in  diameter,  48.  5 c m (1  9.  1 in.  ) long,  and  weighs 
34.0  kg  (74.9  lb.  ) mounted  on  the  bus.  It  has  a 45  deg  half  angle  and  conical 
forebody  with  nose  radius/basc  radius  0.5.  Four  fins  mounted  on  the  aft 
face  of  the— probe  provide  roll  damping.  This  configuration  was  chosen  as 
the  result  of  a series  of  wind  tunnel  tests  of  both  45  and  55  deg  cones  which 
revealed  low  speed,  roll  induced  dynamic  instability.  The  problem  became 
severe  for  both  cone  angles  as  the  c.g.  was  moved  close  to  the  probe  base 
and  a c- g.  position  about  4 percent  of  a base  diameter  ahead  of  the  base  was 
indicated,  requiring  a much  larger  base  diameter  for  the  55  deg  cone  angle 
and  hence  a heavier  probe.  Consequently  45  deg  was  chosen.  The  fins,  also 
proven  in  the  wind  tunnel  tests,  are  to  damp  roll  caused  by  ablation  or  other 
asymmetries.  The  aft  heat  shield  is  applied  directly  to  the  pressure  vessel 
and  a small,  jettisonable  cover  protects  the  instrument  window. 

Separation  / De  spin 

The  three  small  probes  are  each  mounted  on  the  multiprobe  bus  using 
a clamp  which  attachs  to  the  ring  visible  just  aft  of  the  base  in  Figure  1-5. 

The  outward  half  of  the  clamp  is  pivoted  at  one  end  and- held  in  place,  by  an 
explosiva  nut/bolt  at  the  other  end;  As  the  nut  is  broken,  the  clamp  rotates 
160  deg  and  locks  in  place.  Centrifugal  force  caused  by  the  spinning  bus 
moves  the  probes  away  from  the  bus  and  each  other.  Electrical  separation 
is  provided  by  the  same  model  in-flight  di  connect  used  on  the  large  probe. 

The  small-probes  are  initially  spinning  at  a high  rate  because  of  the 
targeting  procedure.  Since  the  targeting  also  precludes  orienting  the  probes 
for  zero  angle  of  attack  at  entry,  it  is  necessary  to  limit  spin  rate  sc  that 
angle  of  attack  convergence  will  not  be  impeded.  This  is  done  by  firing  two 
small  despin  solid  propcllanl  rocket,  motors  located  at  the  base  of  the  vehicle. 

Heat  Shield /Aeroshcll  Structure 

Heat  shield  and  structural  materials  are  the  same  for  the  small  probe 
as  for  the  large  probe,  i.  e.  . phenolic  nylon,  ESM,  and  beryllium.  The  reasons 
for  the  choices  are  also  similar.  The  structure  differs  only  in  that  it  is  a 
monocoquc  shell,  and  is  illustrated  in  Figure  1-6. 

The  structure  mounts  portions  of  two  science  instruments:  the  tem- 
perature and  pressure  sensors.  The  temperature  sensor  is  on  a swing -out 
arm  which  is  stowed  on  tin'  base  of  the  vehicle  .and  deployed  after  entry.  The 
pressure  sensor  port  is  located  at  the  stagnation  point  of  the  aerosholl  and 
is  protected  by  a teflon  plug  which  is  removed  after  entry.  Electronics  for 
both  instruments  arc  located  inside  the  pressure  vessel. 
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FIGURE  1-6.  THOR/DELTA  SMALL  PROBE  STRUCTURE 
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Proa  sure  Vos  se4— L-on  figuration /Con  struct  ion 


The  small  probe  pressure*  vessel  modulo  (Figure  i-i)  is  also  a sphere 
and  has  an  internal  diameter  of  32.5  cm  (12.8  in.).  Like  the  large  p-robe, 
it  contains— most  of  the  instruments  and  all  of  the  housekeeping  subsystem. 

The  structure  is  a trtauium  monoeoque  shell.  It  houses  two  equipment 
mounting  shelves  and  is  mounted  to  the  aeroshcll  structure  by  an  adapter 
which  is  quite  similar  to  the  one  usecL£or  the  large  probe. 

The  upper  hemisphere  is  protci._d  by  a 4.  1 cm  (1.6  in.  ) layer  of 
Min-K  insulation  and  the  lower  hemisphere  by  3.0  cm  (1.2  in.),  each  held 
in  place  by  titanium  retainers.  The  pressure  vessel  has  far  fewer  penetra- 
tions than  the  Lar-ge  probe.  Again,  these  penetrations  are  covered  in  Sections 
4.  5 and  4.  6 and  will  not  be  described  here.  The  only  window  (for  the  nephe- 
lometer)  is  protected  during  entry  by  a heat  resistant  cover. 

Probe  Weight 

The  small'probe  weighs  34.0  kg  (74.9  lb)  mounted  on  the  multiprobe 
bus.  It  carries  2.2  kg  (4.9  lb)  of  instruments  in  a 23.6  kg  pressure  vessel 
module  and  haa  a ba’listic  coefficient  of  107  kg/m^  (21.  9 lb/ft^).  A weight 
breakdown  by  subsystem  is  erven  in-Table  1-3. 


1.3  PROBE  D-ESIGN  FOR  ATLAS/ CENTAUR:  MISSION 
Large  Probe 


The  external  configuration  of  the  large  probe  for  the  Atlas /Centaur 
mission  is  shown  in  Figure  1-8.  The  protse  is  139.7  cm  (55.0  in.  ) in  diameter, 
90.  3 cm  (35. 5 in.  ) long,  and  weighs  243.  9 kg  (54  1 . 7 lb)  mounted  on  the  multi- 
probe bus.  It  has  a 45  deg  half  angle,  conieal  forebody  with  nose  radius  half 
the  base  radius.  To  minimize  aerc-dynamic  testing  and  hence  developmental 
cost,  the  forebody  configuration  is  the  same  as  the  small  prooc.  The  bast 
diameter  provides  sufficient  volume  for  packaging  the  parachute  subsystem  in 
the  annulus  around  the  pressure  vessel  module.  The  resultant  c.  g.  is  well 
forward  of  the  base  plane,  and  adequate  dynamic  stability  is  assured. 


As  in  the  Thor/Delta  configuration,  three  longerons  support  the  probe 
on  the  multiprobe  bus  and  an  afterbody  structure  is  used  to  protect  the  pres- 
sure vessel  module  from  the  aerodynamic  heating  pulse.  The  conical  aft 
portion  of  the  afterbody  is  removed  by  the  parachute  to  allow  separation  of 
the  pressure  vessel  module  after  entry.  The  aft  tare  of  this  cover  is  trans- 
parent to  allow  use  of  the  pressure  vessel  antenna  for  pre-entry  communi- 
cation. 

Attachment  to  and  separation  from  the  multiprobe  bus  is  effected  as 
in  the  Thor/Delta  configuration:  three  holts,  explosive  nuts,  and  separation 
springs  supply  the  mechanical  interface,  while  an  in-flight  disconnect  It  used 
for  the  electrical  separation. 
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T.AKT.E  I - 1.  SMALL  PROBE  WKIGIIT  SUMMARY 
- TIIOK/DEETA  MISSION 


Deceleration  module  - 

•h  1 leg  (20.  1 lb) 

Heat  shield 

4.6  (10. 2) 

Structure 

1.9  ( 8.5) 

Cabling 

0.  1 ( 0.  3) 

Science  instruments 

0.  5 ( 1.1) 

Pressure  vessel  module 

21.  6 kg  (52.  0 lb) 

Structure 

6.  8 (14.  9)  _ 

Thermal  control 

4.9  (10.  8) 

Radio 

1.1  ( 2.5) 

Command  data  handling 

1.2  ( 2.7) 

Power 

7.  1 (15.o) 

Ajitenna 

0.2  ( 0.  5) 

1 

Cabling 

0.  3 4.  0.  6)  . 

Equipment 

0.  2 ( 0. 5) 

Science  instruments 

1. 8 ( 3.9) 

Entry  weight 

32.7  kg  (72. 1 lb) 

Sepa  ration/despin 

1.3  ( 2.8) 

Weight  on  bus 

34.  0 kg  (74. 9 lb) 
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FIGURE  1-8.  ATLAS/CENTAUR  LARGE  PROBE  CONFIGURATION 
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Ileal  Shield 


Die  forehoely  heal  shield  inalerial  debited  lur  1 1 1 • Alla?.  11  enlanr 
mission  is  carbon  pin  iiolii  . I his  is  ii  high  density  mat*  rial  which  lorins 
a very  stable,  refrac  tory  i liar  as  it  is  heated.  Next  to  phenolic  nylon,  ii 
is  the  lightest  of  the  mater  ials  < ompatible  with  a low  * osl  mission,  further’ 
more,  it  has  the  least  mass  loss  (by  a large1  margin)  ol  any  <»!  the  materials 
considered,  C.arhon  phenolic  was  chosen  hetause  it  permitted  a mmh  more 
predict  aide  probe  mass  history  during  entry,  assnrinu  sie.iiii  ic  ant  ly  greater 
accuracy  in  -the  atmessphe  re  rec  uuslructum  nxper ii*u  nl  . 

ileal  shield  thickness  averages  0.04  em  (t),  if  in.)  along  the  conical 
frustum.  This  thickness  im  hides  a *>0  percent  margin,  chosen  to  provid. 
a very  safe  design,  thereby  reducing  the  requirement  for  developmental 
testing  and  hence  the'  program  cost.  The  heat  shield  is  bonded  to  the  acro- 
shrll  structure  using  an  RTV-Ml)  bonding  system  similar  to  that  dc-scrihed 
in  the  Thor/ Delta  design.  The  large-  probe  afterbody  is  protected  by  a 0.  5cm 
thick  layer  of  silicone'  elastomer  (ESM). 

Aeroshnll  Structure- 


The  primary  acrosh.’ll  struc  ture  is  a ring-stiffe-ned  aluminum  ineitvi- 
coque  shell,  which  has  skin  thickness  ranging  from  0.  I e>  cm  (O.Oe.l  in.  ) at 
the  stagnation  point  to  0.28  cm  (0.  12  in.  ) at  the  end  of  the  ski  i.  The  conical 
portion  of  the  she’ll  is  machined  as  a single  unit  im  Jading  rir.gs,  a technique 
that  has  prove-n  cost  competitive  with  oP’or  fabrication  methods.  The  she'll 
and  the  vest  of  the  structure  arc  aluminum  because  the  deceleration  module- 
does  not  have  to  survive  below  parachute'  deployment  altitude,  about  n7  i.rn. 
As  with  the1  heat  shield,  a 50  percent  safety  margin  is  used  in  structural 
design,  virtually  eliminating  developmental  le  sting. 

The  afterbody /all  eover  structural  concept  is  identical  with  the  T nor / 
Delta  design:  an  aluminum  structure  with  fiberglass  rf  window  attached  and 
a system  of  latches  to  attach  and  remove  the  aft  cover  at  parachuted  deploy- 
ment . 


Parachute /Sc  pa  rat  ion 

The  Atlas  / Cent  act  r parachute  subsystem  uses  a 4 t>  m (15  ft)  diameter 
main  parachute  and  an  0.84  m (2.75  ft)  pilot  chute.  The  c onfigurations  are: 
disc -gap-band  for  the-  main  chute  and  conical  ribbon  for  the  pilot  chute'.  Doth 
are  nylon.  The  parachute'  system  is  subsonic ly  deployed,  resulting  in  a much 
lowe/r  cost  flight  demonstration  Ilian  if  deployment  were  supersonic.  The 
sequence  is  exactly  as  in  the-  Thor /.Delta  design;  the'  mortar  is  initialed  bv  a 
firing  current  from  the  pressure1  ve-ssel  module.  ]i  ejec  ts  the  pilot  chute  which 
in  turn  remove's  the  aft  cover  and  the-  main  chute-.  Afte-r  chute  stanilization, 
the  pressure-  vessel  is  released  and  the1  aeroshell  tails  fre-e-. 
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Parachute  release  from  the  pressure  vessel  module  takes  place  at 
40  km  altitude.  The  jettison  altitude  is  chosen  to  allow  maximum  probe 
exposure  in  the  altitude  regime  between  40  and  50  krn  where  several  atmos- 
pheric anomalies  appear  to  exist  and  are  therefore  of  sc  ientific  interest. 

Pressure  Vessel  Configuration 

The  external  configuration  of  the  large  probe  p±es>.;ure  vessel  module 
is  illustrated  in  Figure  1-9.  It  is  a ring-stabilized,  stepped  sphere  whose 
larger  diameter  is  81.  3 cm  (32.0  in.  ) and  whose  smaller  diameter  is  68.  6 cm 
(27.0  in.  ).  It  houses  all  of  the  scientific  instruments  and  the  housekeeping 
subsystem  in  a spherical  volume  68.  1 cm  (26.  8 in.  ) in  diameter.  The  smaller, 
aft  hemisphere  is  the  pressure  vessel  shell  itself.  The  larger  diameter  hemi- 
sphere is  an  aerodynamic  fairing  totally  encompassing  the  wind / altitude  radar 
antenna.  Like  the  Thor/Delta,  the  pressure  vessel  module  is  aerodynamically 
stabilized  by  a porous  ring  located  8.6  cm  (3.  4 in.)  aft  of  the  equator.  This 
ring  contains  spin  vanes  for  module  rotation  and  also  acts  as  the  structural 
adapter  to  the  aeroshell.  Geometric  similarity  with  the  Thor/Delta  design 
has  been  maintained  for  the  ring  radius,  ring  distance  aft  of  the  equator, 
and  c.g.  distance  forward  of  the  equator,  all  referenced  to  the  radius  of  the 
forward  hemisphere.  This  geometry  has  been  substantiated  by  wind  tunnel, 
tests . 


The  pressure  vessel  shell  itself  is  also  spherical,  the  most  structur- 
ally efficient  configuration.  Its  diameter  is  determined  as  the  result  of  a 
detailed  packaging  design  exorcise  which  assumed  experiment  volume's  15 
percent  greater  than  the  nominal  values. 

Pressure  Vessel  Construction 

The;  pressure  vessel  module  construction  is  illustrated  in  Figure  1-10. 
It  is  significantly  different  in  the  Allas/Centaur  design  than  in  Thor/Delta  , 
representing  as  much  a design  evolution  as  a response  to  different  design 
requirements.  The  fundamental  difference  between  the  two  is  in  the  location 
of  the  insulation:  the  Atlas/Centaur  design  is  internally  insulated,  so  that 
the  pressure  vessel  structural  shell  is  exposed  to  the  environment . Inter- 
nally, a blanket  of  fiberglass  insulation  is  held  in  place  against  the  shell  by 
a retainer  structure  which  is  in  turn  mounted  on  the  shelf  structure.  Trade* 
studies  indicate  a slight  weight  advantage  to  the  external  insulation  scheme; 
hence,  it  was  adopted  in  the  Thor/Delta  design.  The  internal  insulation, 
however,  functions  in  a relatively  benign  environment.  Its  performance  is 
already  well  characterized,  and  the  developmental  testing  required  should 
be  relatively  minimal.  Furthermore,  its  application  appears  io  lie  far  less 
complex  than  the  Min-K  insulation  externally  applied,  leading  in  better 
internal  accessibility.  Both  factors  indicate  a lower  cost  system,  which 
is  the  principle  criteria  for  selecting  the  internal  insulation  for  the  Atlas/ 
Centaur  design. 
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The  pressure  vessel  shell  uses  a high  t etnpr ral  ur  e , high  strength 
maraging  steel  whieh  is  labrii  at  ed  relat  ively  easily.  Considering  onl^  Uie 
pressure  and  temperature  environment . titanium  would  provide  a minimum 
weig’t  structure.  On  the  other  hand,  a l»ody  of  experimental  evident  e exist.*, 
vvhic  1 implies  that  oxide-free  titanium  could  spontaneously  ignite  and  burn  in 
the  Venus  lower  atmosphere.  None  of  the  high  temperature  steels  appear  to 
have  .his  problem,  and  Hughes  has  taken  a conservative  position  in  recommend- 
ing one  of  them  for  the  At  las / Cent aur  design.  Maraging  steel  was  chosen 
because  it  promises  to  have  a lower  potential  for  distortion  during  insert 
welding  than  any  of  the  other  candidate  steels. 

The  equipment  is  mounted  on  two  shelves,  both  solid  aluminum  to 
augment  the  heat  capacity  of  the  units.  The  top  shelf  is  structurally  attached 
to  the  bottom  shelf  rather  than  to  the  pressure  vessel  shell  for  two  reasons: 
this  reduces  heat  flow  to  the  top  shelf,  and  it  also  permits  more  rapid  dis- 
assembly of  the  pressure  vessel  module. 

Design  concepts  for  window's  and  penetrations  are  similar  to  the 
Thor/Delta  design  (Sections  4.5  and  4.6).  All  windows  have  heaters  and 
jettisonable  outer  elements.  With  the  internal  insulation  design,  however, 
window  heater  power  is  somewhat  reduced. 

Pressure  Vessel/Insulation 

The  pressure  vessel  is  internally  insulated  with  a blanket  of  FA 
fiberglass.  1.3  cm  (0.5  in.)  thick.  The  blanket  is  mounted  on  a rigid  support 
structure  which  is  attached  to  the  shelf  structure  and  holds  the  blanket  against 
the  outer  shell.  The  bottom  shelf  is  thermally  isolated  from  the  outer  shell 
by  multiple  washer  stacks  at  each  mounting  bolt.  The  system  maintains  tem- 
peratures of  all  units  below'  52°C  (125°F)  at  impact  with  the  exception  of  the 
rf  output  power  amplifiers,  which  arc  allowed  to  reach  oO  C (140°F). 

Probe  Weight 

The  large  probe  weighs  245.  7 kg  (541. 7 lb)  mounted  on  the  multiprobe 
bus.  It  carries  science  instruments  weighing  31.0  kg  (69.  6 lb)  in  a 152.9  kg^ 
(337.  1 lb)  pressure  vessel  module.  It  has  a ballistic  coefficient  of  149  kg/rrv- 
(31  lb/ft^)  at  entry.  A weight  breakdown  by  subsystem  is  given  in  Table  1-4. 

Small  Probe 


V- 


Configur  at  ion 

The  small  probe  external  configuration  is  illustrated  in  Figure  1-11. 

It  is  67.  3 cm  (2(>.  5 in.  ) ir.  diameter,  52.  5 eni  (20.  7 in.  ) long  and  weighs 
03.3  kg  (139.6  lb)  mounted  on  the  multiprobe  bus  It  has  a 45  deg  half-angle, 
conical  forebody  with  nose  radius/base  radius  0.  5.  Four  fins  mounted  on 
the  aft  face  of  the  probe  provide  roll  damping.  The  configuration  rationale  has 
been  described  earlier,  and  this  Atlas/Centaur  version  differs  only  in  that  it 
has  a c.g.  about  6-1/?  pereent  of  a base  diameter  ahead  of  the  base  instead 
of  the  4 percent  used  in  the  Thor/Delta  design.  The  base  diameier  was  ehos*  ' 
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DIMENSIONS  IN  CENTIMETERS  (INCHES) 


figure  mi.  atlas/centaur  small  probe  configuration 
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TABLE  1-4.  LARGE  PROBE  WEIGHT  SUMMARY 


Deceleration  module 

90.8 

kg  (200.2  lb) 

Heat  shield 

35.5  ( 

78.  3). 

Structure 

39.1  ( 

86.  3) 

Aft  cover 

7.  5 ( 

lb.  5) 

Parachute 

4.7  ( 

10.4) 

Harness 

1.7  ( 

3. .8) 

Pressure  vessel  separation 

0.7  ( 

1.5) 

Instrumentation 

0.2  ( 

0.  4) 

Ballast 

1.4  ( 

3.0) 

Pressure  vessel  module 

152.5 

kg  (336.2  lb) 

Structure 

b9~.  7 (153.6  ) 

Thermal  control 

27.2  ( 

oO.  0) 

Radio 

5.8  ( 

12.  7) 

Command/data  handling 

3.5  ( 

7.8) 

Power 

12.  9 ( 

28.  5} 

Antenna 

0.  2 ( 

0.  5) 

Harness 

1.0  ( 

2.3) 

Instrumentation 

0.5  ( 

1.1  ) 

Science  instruments 

31. 6 ( 

69.7) 

Entry  weight 

243.3 

kg  (536.4  lb) 

Bus  separation 

1.8  ( 

4.0) 

Weight  on  bus 

245.1 

kg  (540.4  lb) 
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large  enough  to  give  a 50  percent  greater  static  stability  margin  than 
Thor/Dclta  to  allow  mure  pressure  vessel  design  flexibility. 

The  Atlas/ Centaur  small  probe,  like  Thor/ Delta,  does  not  have  an 
aft:  cover,  but  instead  provides  insulation  directly  on  the  pressure  vessel 
and  separate  covers. 

Separation/'  De- spin 

The  Atlas /Centaur  separation  and  despin  subsystems  are  identical 
in  concept  with  those  used  in  the  Thor/Delta  design,  and  differ  only  in 
siae. 


Heat  Shield  / Aeroshell  Structure 

The  small  probe  heat  shield  material  is  the  same  as  for  the  large 
probe,  carbon  phenolic,  for  identical  reasons. 

The  aeroshell  structure  is  of  stainless  steel  and  monocoque  in  con- 
struction. Steel  was  chosen  rather  than  titanium  because  of  the  uncertainty 
about  the  chemical  compatibility  of  titanium  with  the  lower  atmosphere. 

Pressure  Vessel  Configuration/ Cons truction 

The  small  probe  pressure  vessel  module  (Figure  1-12)  is  a sphere 
of  outer  diameter  41.4  cm  (16.  3 in.  ).  It  contains  all  of  the  instrument 
electronics  and  the  housekeeping  subsystems.  The  basic  shell  structure 
is  a monocoque  constructed  of  maraging  steel  and  is  internally  insulated. 

The  pressure  vessel  contains  two  equipment  mounting  shelves,  with  the 
upper  shelf  mounted  from  the  lower  shelf  rather  than  to  the  shell,  as  in  the 
large  probe. 

The  internal  insulation/heat  sink  thermal  control  scheme  is  the  same 
as  in  the  large  probe:  a fiberglass  blanket  held  in  place  against  the  shell  by 
an  internal  retainer  and  solid  aluminum  shelves  which  are  also  heat  sinks. 
The  stacked  washer  concept  is  also  used  for  shelf  thermal  isolation. 

Because  it  is  feasible  with  the  internal  insulation  design  and  also 
greatly  simplifies  the  pressure  vessel/aeroshell  interface,  several  items 
of  equipment  are  mounted  or.  the  pressure  vessel  rather  than  the  aeroshell. 
Specifically,  the  four  roll-damping  fins,  the  1FD,  and  the  two  swing-out 
arms  which  house  temperature  sensor  and  radiometer  mirror  are  all  pres- 
sure vessel  mounted. 

Probe  Weight 

The  small  probe  weighs  63. 3 kg  (139.  6 lb)  mounted  on  the-  multiprobe 
bus.  It  carries  2.6  kg  (5.7  lb)  of  instruments  in  a 38.4  kg  (84.7  lb)  pressure 
vessel  module,  and  has  a ballistic  coefficient  of  16')  kg/m^  (34.6  lh/ft^).  A 
weight  breakdown  by  subsystem  is  given  in  Table  1-5. 
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TABLE  1-5.  SMALL  PHOB LI  WEIGHT  SUMMARY 
- ATLAS/ CENTAUR  MISSION 


Deceleration  module 

23.8  kg  ( 52.5  lb) 

Heat  shield 

10. 0 (22. 1) 

— 

Structure 

U. 2.(29. 2) 

Harness 

0.2  ( 0.4) 

Ballast 

0.4  ( 0.8) 

Pressure  vessel  module 

38.  4 kg  ( 84.  7 lb)_ 

Structure 

15. 9 (35.  0) 

Thermal  control 

9.  8 (21.5) 

Radio 

1.6  ( 3.6) 

Command/data  handling,. 

-2.7  ( 5.9) 

Power 

5.2  (11.4) 

Antenna 

0. 2 ( 0. 5) 

Harness 

0. 3 ( 0.  6) 

Instrumentation 

0.  2 ( 0.  5) 

Science  instruments 

2.  6 ( 5.  7) 

Entry  weight 

62. 2 kg  (137.2  lb) 

Separation/ despin 

1.4  ( 3.0) 

Weight  on  bus 

63.6  kg  (140.2  lb) 
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2.  INTRODUCTION 
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Thu  probe  bus  transports  four  smaller  vehicles  to  the  vicinity 
)f  Venus,  a large  probe  and  three  small  probes.  Each  of  these  has  two 
najor  components:  a deceleration  module  to  provide- atmospheric  braking 
ind  thermal  protection  from  aerodynamic  heating,  and  a pressure  vessel 
nodule  which  contains  and  protects  a science  instrument  payload  and  the 
jower,  data  command,  and  radio  subsystem  necessary  to  support  it.  The 
nstruments  and  housekeeping  subsystems  are  covered  in  separate  volumes 
)f  this  report.  The  present  volume  is  concerned  with  the  design  of  the 
>robe  vehicles,  i.  e.  , the  nonelectronic  prnhe  subsystems.  Designs  for 
>oth  Thor/ Delta  and  Atlas / Centaur  missions  and  the  studies,  trades,  and 
ests  which  led  to  these  designs  are  described  in  the  following  pages. 

The  volume  is  organized  into  three  principal  sections:  a_ summary 
lescription  of  the  probes,  and  sections  devoted  to  the  pressure  vessel 
nodule  and  the  deceleration  module.  In  each  of  the  latter  two  sections, 
he  vehicular  subsystems  and  technology  disciplines  are  considered 
ndividually.  Each  of  these  subsections  contains,  typically,  a statement 
>f  requirements:  a summary  of  studies,  trades,  and  tests;  and  a des- 
:ription  of  the  Thor/ Delta  and  Atlas/ Centaur  subsystem  baseline  design. 
The  studie s/ tests  subsections  are  necessarily  heavily  Thor/ Delta 
>rietited.  Where  the  conclusions  differ  for  Atlas / Centaur  because  of, 
or  instance,  different  evaluation  criteria,  the  differences  are  so  noted. 


REPRODUCIBILITY  Of  THE  ORIGINAL  PAGE  IS  POOR. 
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REQUIREMENTS 


The  probes  have  a single  primary  requirement:  to  deliver  a set  of 
science  instruments  into  the  atmosphere  of  Venus  while  simultaneously 
protecting  them  and  giving  them  access  to  the  atmosphere.  Tables  3-1 
and  3-2  summarize  the  representative  science  payloads  used  in  large  and 
small  probe  design  for  Thor/ Delta  mission;  Tables  3-3  and  3-4  are  similar 
summaries  for  the  Atlas/ Centaur  mission.  The  Atlas/ Centaur  instrument 
descriptions  include  15  percent  weight  and  volume  contingencies  and  20  per- 
cent power  contingencies  ,_while  the  Thor/ Delta  lists  do  not. 

Each  of  these  instruments  has  its  own  subset  of  requirements  for 
physical  integration  into  the  probe  vehicles;  since  all  are  covered  in  some 
detail  in  Section  4.  5,  they  will  not  be  repeated  here.  The  general  require- 
ment, however,  is  that  all  instruments  be  deployed  and  ope-rating  substantially 
above  the  top  of  the  opaque  clouds,  and  Hughes  has  a-ssumed  that  a minimum 
initial  operational  altitude  of  66  km  will  satisfy  this  requirement.  Further- 
more, the  probes  are  required  to  remain  operational  until  impact. 

Other  probe  requirements  imposed  by  the  science  payload  are: 

1)  The  large  probe  pressure  vessel  module  must  spin.  This  is 
required  for  wind/altitude  radar  scanning  in  the  Atlas/Centaur 
mission  and  aureole  scanning  in  the  Thor/ Delta  mission. 

2)  The  small  probe  must  spin  in  the  Thor/ Delta  mission  to 
provide  magnetometer  resolution. 

3)  Both  large  and  small  probes  must  be  aerodynamically  well 
behaved  in  order  to  permit  interpretation  of  accelerometer, 
temperature,  and  pressure  data  in  the  atmosphere  reconstruction 
experiment. 

Probe  atmosphere  entry  conditions  are  determined  by  launch  date  (and 
trajectory  type)  and  by  targeting  of  the  impact  locations  on  the  planet.  Tar- 
geting is  in  turn  a function  of  science  and  communication  requirements,  all 
of  which  are  described  in  Volumes  2 and  3.  The  net  result  of  these  con- 
siderations is  a set  of  probe  design  conditions  which  are  summarized  in 
Table  3-5.  The  maximum  (most  nearly  vertical)  entry  angle  trajectories 
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lead  to  structural  design  conditions,  the  minimum  entr-y  .ingles  lead  to  heat 
shic'ld  design  conditions,  and  both  structural  and  heating  loads  increase  with 
entry  velocity. 

The  atmosphere-  model  used  in  the-  probes  design  is  Model  No.  1 of 
NASA  Sr-’HOll  (1972).  It  is  c onsidered  the  most  probable  of  the  several  models 
proposed  in  that  document  and  results  in  a planet  surface  pressure  of  94.  9 
earth  atmospheres  and  a surface  temperature  of  7(>K  deg  K. 

An  important  environmental  c:l mside ration  is  the  effec  t of  cloud 
constituents,  aerosols-,  and  dust  on  the  probes,  particularly  on  instrument 
windows.  Elements  which  have  either  jeen  identified  or  inferred  from  earth- 
based  measurements  range  from  mere  ry  compounds  to  hydrochloric  and 
sulfuric  acids.  It  is  difficult  to  place  c quantitative  design  requirement  in 
this  area  and  instead  a design  philosophy  has  been  adapted  to  heat  all 
windows  to  temperatures  slightly  higher  than  the  local  ambient,  thereby 
preventing  condensation.  Furthermore,  it  is  required  that  all  windows  be 
designed  as  double  windows:  an  inner  pressure/temperature  resistant 
element  and  an  outer  element  which  is  jettisoned  at  35  to  40  km  altitude 
and  therefore  dees  not  carry  pressure  loads.  This  concept  provides  a one- 
time removal  of  contaminants  just  below  the  altitude  range  where  aerosols 
are  most  likely  to  occur. 

The  Thor /Delta  launch  vehicle  has  marginal  payload  capability  for 
the  constraints  of  this  mission.  Consequently,  the  driving  Thor/ Delta 
design  criterion  is  to  minimize  weight.  Low  cost  is  also  ve-ry  important, 
but  the  weight  problem  is  so  severe  that  it  dominates  the  design. 

The  Atla s/ Centaur  mission,  on  the  other  hand,  provides  more  than 
adequate  weight  margin,  so  that  low  cost  can  indeed  be  the  primary  design 
criterion. 
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TABLE  3-1.  SCIENCE  INSTR'.JMEN  i PAY.LGA+J-  - LARGE  FRO  BE 

(1  HOU  / DI'I.'J  A MISSION) 


Instrument 

Wuig 

kg 

lit, 

(lb) 

Volume, 
cm1  (in3) 

Power 

W 

Tcmpe  ratur  c -s  easing 

0.  59 

(L.3) 

197 

(12) 

1.0 

Pressure  .tensing 

(V82 

(l.H) 

229 

(14)- 

1.0 

Accelerometers 

1.  13 

(2.  6) 

655 

(40) 

2.3 

Mass  spectrometer 

7.  71 

(17.0) 

10,  651 

(650) 

12.  0 

Solar  flux  radiometer 

1.  81 

(4.0) 

1,  966 

(120) 

4.0 

Planetary  flux  radioineter 

2.27 

(5.  0) 

1,  966 

(120) 

4.0 

Cloud  particle  analyzer 

3.63 

(8.0) 

3,  277 

(200) 

20.0 

Nephelo  meter 

1.  13 

(2.5) 

1,311 

(80) 

2.  0 

Aureole  extinction  detector 

1.81 

(4.0) 

1,  966 

(120) 

2.  0 

Hygrometer 

0.-45 

(LO) 

197 

(12) 

0_3_ 

Shock  layer  radiometer 

1.13 

(2.-5) 

442 

(27) 

1.0 

Total 

22.48 

(49.6) 

22,  857 

(1.  395) 

49.  6 

NOTE:  No  weight,  volume  or  power  contingency. 


I 
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JAHI.lv  i-2.  SCIENCE  INS  1 KlIMEN  I rAYI.OAl) 

(l  HOK/n|.'l.j  A MISSION) 


HMA  1.1.  I'liOlt!' 


lnairiMr.-o.it 

W< 

(lb) 



Volume 

cin-1 

'/ 

(in3) 

Power 

W 

Teruperature  sensing 

0.34 

(0.  75) 

9K 

(6) 

0.5 

Pressure  sensing 

0.41 

(0.9) 

115 

(7) 

0.5 

Nophclometer 

0_45 

d.O) 

377 

(23) 

1.0 

Accelerometer 

0.  18 

(0.4) 

33 

(2) 

1.0 

Magnetometer 

0.  50 

(1.1) 

213 

(13) 

1.0 

Stable  oscillator 

0.  34 

(0.75) 

131 

(8) 

0.  25 

Total 

2.22 

(4.9) 

967 

(59) 

4.  25 

NOTE:  No  weight,  volume  or  power  contingency. 


1 A HIJ*?  1-3.  SCIFNCF  INS  I HIIMKN'J  PAYLOAD  - I.ARGK  PROOF 
(A  1 I.AS/OFN1  AUR  MISSION) 


Instrument 

W eight  v, 
kg  (lb) 

Volume 

3 i <\ 

cm  (m-) 

Powur**, 

W 

Temperature  sensing 

0.34 

(0.75) 

115 

(7) 

0.  6 

Pressure  sensing 

0.47 

(1.04) 

131 

(8) 

0.  6 

Accelerometers 

1.32 

(2.90) 

754 

(46) 

2.  8 

Mass  spectrometer 

10.43 

(23.0) 

11,  307 

(690) 

14.4 

Solar  flux  radiometer 

2.  61 

(5.75) 

►— * 

% 

00 

00 

(115) 

4.  8 

Cloud  particle  analyzer 

4..L7- 

(9.  2j 

3,  769 

(230) 

24.  0 

Planetary  flux  radiometer 

2.  61 

(5.75) 

1,  885 

(115) 

3.6 

Gas  chromatograph 

4.44 

(9.8) 

4,  719 

(288) 

7.2 

Hygrometer 

0.  59 

(1.3) 

377 

(23) 

0.  3 

Wind  altitude  radar 

4.  59 

(10. 12) 

9,  423 

(575) 

48.  0 

Total 

31.  57 

(69.61) 

34,  365  (2,  097) 

106.3 

* Contain  15  percent  weight  and  volume  contingencies 
**  Contain  20  percent  power  contingencies. 


3-5 


I A BLR  1-4.  SCIENCE  INSTRUMENT  PA  Y I.OAH  -SMAI.I.  PROBE 
(AT  LAS  /CENTAUR  MISSION) 


Instrument 

Weight 

kg 

(lb) 

Volume*, 

3 3, 

cm  (in  ) 

Power** 

W 

Temperature  sensing 

0.  34 

(0.75) 

115 

(7) 

0.  6 

Pressure  sensing 

0.47 

(1.04) 

131 

(8) 

0.  6 

Accelerometer 

0.23 

(0.  50) 

33 

(2) 

1.2 

IR  flux  detector 

0.63 

(1.40) 

377 

(23) 

1.2 

Stable  oscillator 

0.41 

(0.90) 

147 

(9) 

0.  3 

Nephelometer 

0.  52 

(1.  15) 

606 

(.37) 

1.2 

Total 

2.  60 

(5.74) 

1,  409 

(86) 

5.1 

* Contain  15  percent  weight  and  volume  contingencies. 
**  Contain  20  percent  power  contingency. 

TABLE  3-5.  PROBE  ENTRY  CONDITIONS 


Velocity, 

km/sec  (ft/sec) 

Flight  Path  Angle, 
deg  down  from 
horizontal 

Angle  of 
Attack 
deg 

Thor/Delta  mission 

Large  probe 

11.  14 

(36, 550) 

35  to  60 

0 

Small  probes 

11.  14 

(36,  550) 

20  to  90 

<35 

Atlas/ Centaur  mission 

Large  probe 

11.  60 

(38,  060) 

25  to  60 

0 

Small  probes 

11.  60 

(38,  060) 

20  to  90 

<30 
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4. 


PRESSURE  VESSEL  MODULE 


The  pressure  vessel  modules  play  a key  role  in  the  Pioneer  Venus 
probes  mission.  Their  prime  functions  are  to  house  and  protect  the 
scientific  instruments,  communications,  and  housekeeping  equipment  from 
the  hostile  Venusian  environment  and  to  provide  a stable  and  predictable 
descent  that  will  allow  the  instruments  to  perform  as  intended.  Because  of 
the  modules'  importance  to  the  mission,  the  severe  environment  to  be 
encountered,  and  the  necessity  to  minimize  weight  and  cost,  it  is  essential 
that  the  design  be  thoroughly  optimized. 

To  this  end  a series  of  trades  and  tests  were  conducted  during  the 
study  which  were  used  to  support  the  pressure  vessel  module  design 
process.  The  roles  which-these  trades  and- tests  play  in  the  design  process 
are  illustrated  in  Figure  4-1-  These  trades  were  performed  with  much 
interchange  and  feedback  during  the  study;  this  assured  a coherence  in  the 
overall  module  design. 

The  following  sections  discuss  each  of  the  several  trades  and  tests 
performed  in  support  of  the  pressure  vessel  module  design.  The  results 
are  summarized  in  Table  4-1. 
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FIGURE  4-1.  PRESSURE  VESSEL  MODULE  DESIGN  PROCESS 
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TABI.K4-1.  (continued)- 
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4.  1 CONFIGURATION 


In  selecting  the  configuration  for  the  leurge-and  small  probe  pressure 
vessel  module,  the  key-design  goals  were: 


1)  Compatibility  with  mission  and  functional  requirements 

2)  Structural  efficiency 

3)  Efficient  packaging-arrang.emer.1 

4)  Ready  producibil.ty 

5)  Minimum  cost 

The  most  significant  aspect  of  the  configuration  finally  chosen  is  its 


spherical  geometry.  While  numerous  evolutionary  changes  in  other  aspects 
of  the  configuration  have-taken  place  during  the  course- of  the  Phase  B pro- 
gram, particularly  after  the  decision  to  usje  the  Atlas/ Centaur  as  the  launch 
vehicle,  the  sphere  has  been  retained  due  to  its  pressure  load  carrying 
efficiency.  Modifications  of  the  Thor  / Delta-baseline  configuration  after  the 
change  to  Atlas / Centaur  stemmed  primarily  from  increases  in  the  required 
volume  of  science  equipment,  from  the  addition  of  a wind/altitude  radar 
antenna,,  and  from  a decision  to  convert  from  an  externally  insulated  design 
to-an  internally  insulated  one-.  An  external  fairing  was  necessary  once  the 
wind/altitude  radar  antenna  was  added  so  that  the  same  tested  external,  shape 
as  the  Thor/ Delta  design  could  be  retained.  Similarity  in  shape  was  required- 
to  assure  that  the  aerodynamic  performance  of  the  Atlas / Centaur  de-sign  will 
be  equivalent  to  the  test  proven  aerodynamic  performanee  of  the  Thor/ Delta 
configuration. 

The  significant  trade  studies  that  justify  the  selection  of  the  final 
baseline  configuration  were  all  performed  during  the  Thor  / Delta-oriented 
design  period.  However,  the  results  of  these  studies  are  equally  valid  for 
the  Atlas / Centaur  based  design  The  following  is  a summary  list  of  these 
trade  studies  together  with  a brief  statement  of  the  essential  results.  These 
trade  studies  are  described  in  greater  detail  ir,  the  following  subsection. 


1)  Spherical  versus  nonspherical  pressure  Spherical  superior  because 


2)  Separate  horizontal  shelves  versus  ver-  Separate  horizontal  shelves 


Trade  Study 


Principal  Result 


vessel  geometry 


most  weight  efficient  pressure 
load  structure 


tica)  shelf  assembly 


superior  because  of  best  pack- 
aging efficiency 
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3)  Single  container  protecting  all  contents 
from  external  pressure  versus  ven-ted 
container  with  discrete  unit  protection 
as-  required 


Single  vessel  protection  superior. 
It  is  less  costly  and  lower  weight. 


4)  Hemispherical  construction  versus 
multisegment.ed  spherical  _ 
construction 


Hemis-pherical  construction  mote 
reliable  and-lower  cost. 


5)  Conformally  packaged  units  versus  Conformal  packaging  advantageous 

parallelepiped  packaged  units  for  some  subsystems. 

The  final  Thor/ Delta  configuration  seLected  is  described  in  detail  in  a later 
subsection.  Briefly  however,  this  configuration  may  be  described  as  a thin 
shelled  spherical  metallic  vessel  constructed  of  two  hemispheres  joined 
together  by  a sealed  main  assembly  flange.  The  vesseL  is  covered  with  a 
thick  insulation  which  is  in  turn  surrounded  by  a thin,  nonstructural  metalic 
retainer.  The  pressure- vessel  shell  includes  numerous  reinforced  and 
sealed  pentrations  which  extend  thru  the  ins-ulation  and  retainer.  Internal  to 
this  vessel,  the  contained  units  are  attached  to  and  supported  by  two  horizontal 
circular  shelves-  which  are  readily  removable.  One  of. these  shelves  is 
attached  to  the  upper  hemisphere,  the  other  to  the  lower.  A multipinned  con- 
nector provides  electrical  continuity  between  the  hemispheres.  These'con- 
nections  are  automatically. broken  upon  separation  of  the  hemispheres.  The 
pressure  vessel  module  is  attached  to  the  aeroshell  by  means  of  a thin 
metallic  conical  adapter.  Thia  adapter  which,  stays  with  the  pressure  vessel 
module  after  aeroshell  seperation,  also  provide-s  a thin  annular  horizontal 
ring  which  is  used  for  aerodynamic  stabilization  during  free  fall. 


The  Atlas/Centaur  pressure  vessel  module  baseline  configuration, 
while  identical  in  concept  to  the  previously  described  Thor/ Delta  design,  does 
not  have  external  insulation  or  its  retainer.  To  provide  external  aerodynamic 
characteristics  identical  to  the  Thor/ Delta  design,  a thin  metallic  fairing 
encapsulates  the  bottom  hemisphere  and  provides  the  proper  external  contour 
to  the  annular  aero-stabilization  ring.  Penetrations  for  scie.mie  requirem ents 
are  provided  for  in  this  fairing. 


The  Atlas / Centaur  baseline  design  is  described  in  greater  detail  in 
a subsection  which  follows. 


Requirements 

The  design  requirements  and  criteria  that  formed  the  basis  for  the 
final  selection  of  the  configuration  aie  summarized  as  follows: 


1)  An  efficient  structural  shape  for  carrying  high  external  pressure 
and  high  deceleration  loads. 

1)  Must  be  compatible  with  science  requirements 
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3)  High  packaging  density 

•4)  Good  produeibiJity  at  minimum  cost. 

8)  Easy  mounting  and.  ready  interconnecting  for  all  on-board  equip-? 
ment  as  well  as  simple  and  ready  access  to  all  on-board  equip- 
ment for  servicing. 

6)  Aerodynamic  stability 

7)  Convenient  mating  with  the  deceleration  module. 

8)  Adaptable  to  reliable  convenient  sealing  techniques. 

9)  Convenient  reliable  insulation  approaches. 

T rade  Studies 

Spherical  versus  Nonspherical  Container  Shape 

The  configuration  selected  for  both  the  large  and  small  probe  pressure 
vessels  is  that  of  a thin  spherical  shell.  The  sphere  was  selected-as  a result- 
of  a trade  study  which  demonstrated  that  it  would  be  the  most  structurally 
efficient  (and  therefore  lightest)_geometry  for  reacting  external  pressure 
loads  while  simultaneously  providing  a -contained  volume  which  was  just  as 
adaptable  to  efficient  packaging  as  other  less  structurally  efficient  designs. 

In  the  trade  study  an  analytical  comparison  was  made  between  a spherical 
shell  and  a sphere/cylinder  combination,  with  both  providing  the  identical 
internal  volume. 

With  the  geometrical  shape  parameters  as  shown  in  Figure  4.  1-1, 
the  trade  study  analyses  first  derived  an  expression  for  the  ratio  of  the 
surface  area  of  the  sphere,  As,  to  the  surface  area  of  the  sphere/ cylinder  Ac. 
The  ratio  described  was  found  to  be 

2/3 

3C 

Ak  . (1  + 4 ) 

aJ~  " TTT"c5 

i 

From  this  result  it  can  be  seen  that  for  any  value  of  C > 0,  As/Ac  < 1 
v.-hich  means  that  the  surface  area  of  the  sphere  will  always  be  less  than 
that  for  the  sphere/cylinder  of  equal  volume.  As  a result,  if  the  same  shell 
thickness  were  selected  for  both  configurations,  the  sphere  would  weight  less. 

Next,  in  the  trade  study,  a comparison  was  made  of  the  shell  thickness 
that  would  be  required  for  each  configuration  to  produce  the  same  maximum 
stress  in  each  as  a result  of  both  being  exposed  to  the  same  external  design 
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pressure.  lhe.se  art'  tin*  thicknesses  that  would  ht*  selected  for  rat  h design 
when  fabricated  from  tlu*  same  niatri'jal  and  when  thr  motir  of  failurr  for 
each  is  a material  yielding.  For  each  coufigu ration,  ‘..lie  weight  of  thr  rrsult 
in^  shf*41  in  thr  calculated  thickness  was  computed.  In  the  cast-  ol  thr  sphrrr 
the  weight,  Ws  was  found  to  hr 


W 


s 


( 1 i ) w 
F 

c 


where 


P = The  design  pressure 
F = Material  yield  strength  allowable 
w = Material  density 

In  the  case  of  the  sphere/ cylinder  configuration  it  was  found  that  the  cylin- 
drical portion  would  require  a thickness  twice  as  great  as  required  for  the 
spherical  ends.  Assuming  that  each  portion  is-fabricated  to  its  required 
thickness,  the  weight  of  the  sphere/cylinder  -configuration,  \VS/C,  was  found 
to  be: 


W 


s / c 


2 PR  3 (1  + C)w 
F 

c 


with  the  symbol  definitions  as  previously  specified.  The  ratio  of  these 
weights  becomes 


3 c 

W 1 + -tT- 

s ^ 


from  which  it  can  be  seen  that,  again,  the  spherical  configuration  would 
produce  the  lighter  design. 

W 

— = < 1 for  all  C > 0) 
w , 
s/c 

Finally,  the  trade  study  made  a comparison  of  the  weights  of  these  configura 
tions  assuming  that  local  buckling  rather  than  material  yield  might  he  the 
governing  mode  of  failure.  The  ratio  of  the  weights  of  the  resulting  designs 
was  found  to  be: 


■ 
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where 

E ~ The  modulus  of  elasticity  of  the  seloc-ted  shall  material  ami 
ail  other  symbols  are  as  previously  defined. 

The  weight  of  the  sphere  will  thus  be  less  than  the  weight  of  the  sphere/ 
cylinder  if  and  only  if 

< 0.  584C1’  4 (§) 

4 p' 

To  evaluate  this  inequality  for  a typical  selection  of  shell  material  and 
design  pressure,  the  value  of  E for  6A1-4V  titanium,  (the  Thor/Delta  base- 
line material)  and  the  ultimate  design  pressure  corresponding  to  the  Venus 
surface  were  chosen. 

These  values  are 

k N/  2 6 

E = 11.3x10  7 cm " (16.  4 x 10  ps  i) — 

P = 1200  N/cm2  (1740  psi) 

1 4 

Using  these  values,  the  inequality  becomes  0.  75  < 1.  45C  ' . It  can  be  seen 

that  this  inequality  will  be  true  for  any  vadue  of  C greater  than  zero,  thus 
proving  that  when  using  titanium,  the  sphere  would  be  the  lighter  configuration 
should  buckling  prove  to  be  the  governing  failure  mode.  This  inequality  can 
also  be  evaluated  for  the  selected  material  in  the  Atlas  / Centaur  baseline 
design  which  is  steel.  In  that  case, 

E = 20.  7 x 106  N/cm2  (30  x 106  psi) 

and  the  inequality  reduces  to: 

0.  75C  < 1.  55C1, 4 

Since  this  will  be  satisfied  by  any  value  of  C greater  than  zero,  the  sphere 
will  be  lighter  than  the  sphere/ cylinder  if  both  are  fabricated  from  steel. 

Thus  the  trade  study  clearly  demonstrates  that  the  sphere  is  the  more, 
structurally  efficient  design  from  a weight  standpoint,  regardless  of  the 
mode  of  failure. 
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TABLE  4.  1-1.  PROBE  SHELF  DESIGN  COMPARISON 


Horizontal  Shelf 

V ertical  Shelf 

| Number  of  independent  shelves 
or  subassemblies 

(Parallel  shelves)  Two 

(Orthogonal  assembly)  CV.r 

£ 

Shelf  area  (cm  ) 

S120  ( 1 2 b 0 in.  ^ ) 

hlOO  (12*4  in.  ^ ) 

Degree  of  stacking  units 

None 

Very  high 

Freedom  to  locate  units  to 
obtain  desired  center  of  gravity 

F air 

Very  limited 

Shell  attaching  bolt  pattern 

Full  circle  ( inO  deg) 

Semicircle  (1-iL  degi 

Bolt  loading  mode 

1 

T ension 

Shear  and  bending  (:  lost- 
tolerance  holes  required) 

Subsystem  unit  loading  mode 

Compression  and  tension 

Shear  and  bendir. g 

Harness  service  loops 
between  shelves 

One  required 

None 

Unit  accessibility  before  shelf 

Coed 

Poor  (accelerometer 

and  pressure  vessel  mating 

inaccessible ) 

Accessibility  when  oressure 

Mid  section : Good 

Lower  half:  Poor 

vessel  is  opened 

Upper  third,  lower  third: 
Inaccessible 

f7ppcr  half:  Lair 

| 

Pressure  vessel  shell  loading 

Upper  hemisphere: 

j 

Entire  internal  mass 

compression 

Lower  hemisphere:  tension 

reacted  in  lower  hemisphere  1 

Unit  interconnection  and  cabling 

F.a  s y 

Difficult 

j 

Several  less  efficient  (and  this  heavier)  configurations  per  unit  volume- 
such  as  the  cylinder  with  hemispherical  ends  which  was  just  discussed,  and  a 
rectangular  box  as  well  were  considered  and-  quickly  abandoned  as  it  became 
apparent  that  packaging  efficiency  was  not  improved  to  compensate  for  the 
excessive  structural  weight.  Furthermore,  no  advantages  in  producibility 
or  improvements  in  science  instrument  compatibility  could  be  found  in  these 
other  designs. 

Horizontal  versus  Vertical  Equipmen t Shelf  Arrangement 

The  existing  baseline  design  for -both  equipment  shelves  for  the  large 
probe  and  small  probe  consists  of  two  parallel  shelves  which  are  orthogonal 
to  the  axis  of  symmetry  (spin  axis). 

Each  of  these  two  shelves  is  attached  to  one  of  two  mating  hemispheres 
of  the  pressure  vessel  (Figure  4.  1-2  and  4.  1-3).  This  selection  of  shelf 
arrangement  was  confirmed  by  a study  of  a large  and  small  probe  vertical 
shelf  concept.  The  large  probe  had  two  vertical  shelves  intersecting  each 
other  orthogonally  along  the  axis  of  symmetry  of  the  pressure  vessel  sphere 
(F igure  4.  1 -4). 

The  small  probe  vertical  shelf  was  a version  of  the  same  approach 
with  one  fourth  of  the  shelf  deleted  to  provide  for  bulky  units,  i.  e.  , command 
and  data  unit  and  discharg-e  regulator  (Figure  4.  1-5)^-  All  packages. were 
identical  to  those  on  the  horizontal  shelf  to  make  a fair  comparison  between 
two  designs,  and  the  conclusions  are  valid  for  either  the  Thor/ Delta  or  the 
Atlas/  Centaur. 

The  vertical  shelf  design  divides  the  available  volume  into  four  equal_ 
segments  and  limits  the  lengths  in  two  directions  to  that  of  the  pressure 
vessel  inside  radius  while  the  baseline  design  doubles  the  lengths  in  the 
same  direction.  This  geometric  restruction  is  reflected  in  "degree  of 
stacking  units"  in  Table  4.  1-1.  In  the  vertical  shelf  arrangement,  the  capa- 
bility for  obtaining  a desired  center  of  gravity'  location  by'  unit  arrangement 
is  severely'  hampered  by  this  geometric  restriction.  Also,  the  unit  attaching 
fasteners  are  primarily  loaded  in  shear  and  consequently  necessitate  close 
tolerance  matching  holes  in  the  units.  Accessibility  is  rather  difficult  in 
either  case  but  the  vertical  shelf  seems  to  be  inferior. 

In  Table  4.  1-2,  these  units  which  are  desired  to  be  located  on  the 
shelf  or  be  close  to  the  shelf  because  of  dynamic  loads,  thermal  dissipation, 
physical  location  requirement  or  configuration  are  listed.  The  totals  of 
this  table  indicate  that  a minimum  total  shelf  area  of  (3,  384  cm^)  is  necessary 
to  accommodate  them.  But  the  actual  required  shelf  area  is  nearly  twice 
this  area  due  to  geometric:  restrictions  or  nonconformity  of  shapes.  Con- 
sequently, the  units  listed  in  Table  4.  1-2  which  amount  to  67  percent  of  the 
total  mass  to  he  packaged  will  require  about  6500  cm^  of  shelf  area,  which 
is  approximately  80  percent  of  that  available.  Obviously,  to  package  the 
remaining  components  which  amount:  to  33  percent  by  weight,  in  only  20  percent 
of  the  available  shelf  area  is  difficult,  if  not  impossible.  Consequently, 
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THIS  SURFACE  FOR 
SPIN  VANES  AND 
SEPARATION 
DEVICES. 


1 

CLOUD  PARTICLE  SI2f  ANALYZER  (WINDOW) 

2 

AUREOLE  EXTINCTION  DETECTOR  (WINDOW) 

? 

HYGROMETER  ELECTRONICS  (FEED  THRU) 

4 

NEPHELOMETER  DETECTOR  (WINDOW) 

5 

SOL/iR  FLUX  RADIOMETER  (WINDOW) 

B 

TEMPERATURE  SENSING  ELECTRONICS  12) 
(FEEO  THRU) 

7 

NEPHELOMETER  ELECTRONICS 

8 

3- AXIS  ACCELEROMETER 

9 

NEUTRAL  PARTICLE  MASS  SPECTROMETER 
IINLET)  I 

10 

PLANETARY  FLUX  RADIOMETER  (WINDOW) 

11 

PRESSURE  SENSING  SYSTEM  (2)  (PORT) 

12 

NEPHELOMETER  SOURCE  (WINDOW) 

13 

PYROTECHNIC  SWITCH 

14 

HYBRID  (2) 

IS 

POWER  AMPLIFIER  I?) 

16 

PREAMPLIFIER 

17 

OUTPUT  FILTER  AND  DIPLFXER 

18 

CIRCULATOR 

19 

PYROTECHNIC  CONTROL  UNIT 

20 

REC^I  v'ER 

21 

data/command 

22 

BATTERY  PACK  1?) 

23 

POWER  INTERFACE 

24 

DISCHARGE  REGULATION 

25 

EXCITER 

2b 

G SWITCH 

27 

EQUIANGULAR  SPIRAL  ANTENNA 

INSULATION 
INSULATION  RETAINER 


DESCENT 

AklS 


•TRANSPONDER  INCLUDE!,  IN  RF  SUBSYSTEM 

PRESSURE  VESSEL  MODULE/ 

DECELERATION  MODULE 
ADAPTER 

MASS 

SPECTROMETER 

INLET 


FIGURE  4.1  2.  LARGE  PROBE  PRESSURE  VESSEL  MODULE 
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FIGURF.  4.14.  LARGE  PROBE  VERTICAL  SHELF  ARRANGEMENT 
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TABLE  4.  1-2.  UNITS  REQUIRING  EITHER  FOOT-PRINTS  ON  SHELF  OR 
ALLOTTED  AREAS  bLOSE  TO  SHELF 


Unit 

Size 
cm  (in.  ) 

Nurpber 
Requi  red 

Total 
Mass 
kg  (lb) 

U nit, 
(W) 

i 

Foot  Print 
Area, 
cnr 

Reason  fon 
A rea 

Requirement 

Power 

amplifier 

20.  3 x 7.  6 x 3.  2 
(8.  0 x 3.  0 x 1.  25) 

2 

0.  91 
(?.  0) 

45.  4 

310 

! 

Thermal 

» 

1 

Exciter/ 

receiver 

27.  3 x 12.  7 x 6.  4 
(10.  75  x 5.  0 x 2.  5) 

1 

1. 82 
(9.  0) 

7.  0 

346 

1 

yhermal 

Discharge 

regulator 

20.  3 x 12.  7 x 7.  6 
(8.  0 x 5.  0 x 3.  0) 

1 

2.  72 
(6.  0) 

0.  4 

258 

Thermal 

Battery 

27.  3 x 12.  7 x 6.  6 
(10.  75  x 5.  0 x 2.  5) 

3 

6.  67 
(M.  7) 

- 

1038 

Mass  and 
configuration 

Accelerometer 

10.  2 x 7.  6 x 7.  6 
(4.  0 x 3.  0 x 3.  0) 

1 

1.  13 
(2.  5) 

- 

78 

Location 

Cloud  particle 
analyzer 

12.  7 dia  x 25. 4 
(50.  0 dia.  x 10.  0) 

1 

4.  54 

- 

323 

Location 

Planetary  flux 
radiometer 

1 5.  2 x 1 5.  2 x 12.7 
(6.  0 x 6.  0 x 5.  0) 

1 

2.  27 
(5.  0) 

F 

232 

Configuration 

Neutral  mass 
spectrometer: 

Electronics 

25.  4 x 15.  2 x 12.  1 
(10.  0 x 6.  0 x 5.  0) 

1 

4.  54 

- 

387 

Configuration 

1 

Sensor 

40.  6 x 10.  2 x 10.  2 
16.  C x 4.  0 x 4.  0 

1 

4.  45 

- 

412 

Configuration 

Sum: 

29.  14 
(60.  2) 

3384 

Ratio  to  total  area  or  mass,  percent 

67 

— 

41 

1 
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stacking  of  units  would  be  required— if  the  same  diameter  shelL  is  to  be 
considered.  This  creates  aitendent  problems.  in  accessability.,  physical 
support,  and  thermal— control  which  Could  seriously  affect  the.  design. 

Pressure  Protection  Tradeoff 

Probe  science  and  subsystem  equipment  must  be  eapable  of  Operating, 
during  descent  into  the  Venusian  atmospheric  high  temperature  and  pressure 
environment.  The  basic  purpose  of. this  pressure  protection  trade  is  to 
obtain  the  lowest  cost  and  weight  pressure  protection  -equipment  for  the 
program. 

The  design  concept  chosen  to  achieve  this  goal  on  both  the-Thor/ Delta 
and  Atlas/ Centaur  versions  is  one  in  which  all  descent  module  equipment  is 
encapsulated  and  pressure  protected  by  a single  vessel.  The  choice  was 
made  on  the  basis  of  an  early  Trade  study  that  compared  several  alternative 
designs.  This  section  is  a summary  description  of  that  trade  study.  Although 
the  study  was  performed  during  the  Thon/Delta  phase  of  the  program,  the 
conclusions  are  equall-y-applicable  to  the  Atlas/ Centaur  based  design. 

The  study  assumed  the  basic  thermal  control  to  be  Min.-K  insulation 
around  the  outside  of  the  equipment  ves  sel  as  required,  to  raaintaimequipment 
temperature  below  60°C  during- the  descent  into  the  VenuS  atmosphere.  Lower 
weight  and  cost  design  alternatives  to  external  Min-K  are  available  for  thermal 
control,  but  changes  in  thermal  control  do  not  significantly  affect  this'  pres- 
sure protection  alternative  trade. 

Candidate  Approaches:  Postulated  candidate  approaches  for  survival 
in  a high  pressure  environment  are: 

1)  Equipment  vessel  with  structural  capability  to  withstand  the 
high  pressure  and  encapsulate  all  descent  module  equipment. 

2)  Equipment  vessel  vented  to  the  atmosphere,  with  the  incoming 
gas  cooled  by  a phase  change  material  (PCM).  Several  small 
pressure  vessels  within  the  equipment  vessel  encapsulate  the 
equipment  that  cannot  survive  the  high  pressure  environment. 

3)  Closed  equipment  vessel  with  stored  high  pressure  gas  vented 

to  the  inside  of  the  vessel  equalizing  inside  and  outside  pressure 
during  descent.  Small  pressure  vessels  encapsulate  the  pressure 
sensitive  equipment. 

4)  Closed  equipment  vessel  with  bellows  to  transmit  the  pressure 
to  a fluid  surrounding  the  equipment.  Small  pressure  vessels 
encapsulate  the  pressure  sensitive  equipment. 

5)  Equipment  vessel  internally  pressurized  at  a compromise  level 
between  vacuum  and  maximum  expected  pressure.  Small  pres- 
sure vessels  encapsulate  the  pressure  sensitive  equipment. 
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The  postulated  advantage  for  reduced  or  nonpros  sure-  vessel-designs 
(candula4.es  2 through  5)  a re -weight  reduction,  hecause  the  structural  weight 
of  the  shell  can  he  reduced  if  the  vessel  does  not.  carry  high  pressure  loads. 
The  primary  structure  comparison  ot  curs  between  candidate  1,  one  large- 
pressure  vessel,  and  c andidate  2,._small  pressure  ves-s-e-ls  within  a- larger 

equipment  vessel.  Any  difference's  between  oa-tul Lcbtte s 2, J,_and  4— arc' 

associated  with  differences  in  thermal  control  and/or  special  equipment  for 
pressure  control. 

Payload  Pressure  Capability.  The  pressure  protection  trade  philoso- 
phy adopted  wa-s  to  make  optimistic  assumptions  concerning  the  capability  of 
components  and  devices  to  operate  within  a high  pressure  environment.  Such 
assumptions  simplify  the  analysis  and  favor  the  low  or  nonpressure  appro- 
ches.  If  the  analysis  shows  the  single'  pressure  vessel  encapsulating  all 
equipment  (candidate  1)  is  the  lowest  weight  and-cost  then  a definite-trend  is 
indicated  using  simplified  analysis.  If  one  of  the  other  candidate  approaches 
is  favored  more  detailed  analysis  is  required. 

Following  the  above  philosophy,  this  study  assumes  all  science  instru- 
ment and  housekeeping  electronic  components  except  x rystal  devices  can 
operate  in  a high  pressure  environment.  Realistically,  additional  weight  will 
be  required  to  increase  the  structural  integrity  of  the  larger  hermetically 
scaled  electronic  components which-  is  ignored  during  this  study. 

Each  of  the  following  large  probe  experiments  has  separate  and 
unique  requirements  for  windows  or  access  to-tlie  Venus- atmosphere-: 

1)  Neutral  mass  spectrometer 

2)  Cloud  particle  size  spectrometer 

3)  Solar  flux  radiometer 

4)  Planetary  flux  radiometer 

5)  Nephelometer  (source'  and  detector) 


It  is  assumed  that  all  of  the  above  experiment  sensors  or  inlet  chambers 
require  protection  from  high  pressure.  A detailed  integration  study  could 
possibly  show  feasible  methods  to  combine  one  or  two  of  the  sensors  in  the 
same  pressure  vessel.  However,  it  is  obvious  that  several  pressure  vessels 
will  be  needed  to  meet  all  of  tin'  field  of  view  and  access  requirements.  Con- 
sequently, it  is  assumed  that  five  separate  small  spherical  pressure  vessels 
are  requirt'd  to  protect  the  science  instruments  and  to  meet  the  field  of  view 
and  access  requirements.  Housekeeping  equipment  such  as  batteries, 
receivers  and  oscillators  along  with  the  science  accelerometers  arc  encapsu- 
lated within  one  of  the  small  pressure  vessels. 

Weight  Comparison.  Weight  comparison  calculations  arc  based  on 
structural  analysis  for  the  pressure  shells,  equipment  vessel,  and  high 
pressure  gas  container  and  thermal  analysis  to  determine  weight  of  phase 
change  material  required  to  maintain  desired  temperature.  Titanium  is 
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assumed  tor  the  structure  material  in  all  of  the  alternative  approaches.  The 
weight  of  tlic_sph erica  1 shells  isr 

W ■■  V 4 it  R2l 

where. 

W = shell  weight 

V = density  of  titanium  5 t/.  53  x 10  ^ k/cfn2  (0.  164  lb/in"^ 

R = radius  of  sphere 
t = thickness  of  shell 


and  the-  shell  thickness  required  to  suradve  the  outside  high  pressure  is: 


where 


t = R V _ P_  ~ 

<K>  1.21  E 


R = sphere  radius 

P - pressure*  100  atm 

K = knockdown  factor*  0.  7 (titanium  )- 

E = modules  of  elasticity  = 1 1 . 3 x-  1 0^  N/cm"  ( 1 6,  4 x 10^  psiMtitanium) 

The  sphere  inside  diameter  for  the-single  pressure  vessel  approach 
(candidate  1)  is  57.  1 cm  (22.5  in.).  The  assumed  diameter  for  the  individual 
pressure  vessel-s  encapsulating  the  pressure  sensitive  science  and  house- 
keeping equipment  are  35.  6 cm  (14  in.  ),  23.  9 cm  (9.  4 in.  ),  11.2  cm  (2.  2 in.  ), 
and  two  at.  12.  7 cm  (5  in.  ). 

The  mass  of  the  equipment  vessel  structure  to  encapsulate  the  small 
pressure  vessels  and  the  nonpressurc  sensitive  equipment  is  determined  by 
calculating  the  structure  thickness  required  to  withstand  the  entry  load. 
Assuming  a conical  shape  between  the  probe  ring  and  the  shelf  the  classical 
buckling  formula  tor  a cone  is  used  to  calculate  the  necessary  thickness  to 
carry  a 500  g load. 

F " 0.  606  K 2 tt  E t2COS  2o 


F - deceleration  load  on  shelves 
K - buckling  factor  = 0. 

IC  - modules  of  elasticity 
t - thickness 

0 - com  half  angle  = 0 deg 
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The  mass  of  the-  equipment  vessel-  structure  to  encapsulate  the 


small. pressure  vessels  and  the  non  pressure  sensitive  equipment  is 
determined_by  calculating  the  structure  thickness  required  to  withstand 
tlie  entry  load.  Assuming  a conical  shape  between  the  probe- ring  and  the 
shelf  tfau  classical  buckling  formula  for  a cone  is  used  to  calculate  the 
necessary  thickness  to  carry  a 500  g load. 


F = deceleration  load  on  shelves 
K = bucKling  factors  0.  5 
E - modules  of  elasticity 
t = thickness 
o = cone  haLf  angles  0 deg 


The  spherical  shell  above  and  below  the  shelves  doe  not  need  to  support  any 
loads  but  must  be  capable  of  withstanding  the  handling  environment.  A 
minimum  thickness  of  0.038  cm  (0.015  in.)  is  selected  for  the  handling 
en  vixxxnrne  ntr. 


The  analysis  assumed  phase  change-material  is  used  to  cool  the  hot  — 


ventecTgas  and  to  offset  the  heat  capacity  lost-using  a thinner  wall  ve-s-sol. 

A linear  relationship- between  temperature/pressure  and  time  is  assumed  to 
simplify  the  analysis.  The  simplified  approximation  to  the  heat  exchanger 
quantity  of  heat  to  maintain  the  inside  temperature  at  60  G with  hot  vented  gas 
is: 


w-hcr  c 


where 


Qpj  = quantity  of  heat  from  PCM 

3 3 

Vjj  •*  volume  of  empty  space  in  vessel*  82,  000  cm  (5000  in  ) 
P = maximum  atmospheric  pressure 


max  1 

Cp  r heat  capacity  at  constant  pressure 

Cy  heat  capacity  at  constant  volume 

R * universal  gas  constant 
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max 


iW4\inmnuh'm|)t' rat-uro  nf  ;il  nui.sphe re 


T 


l.^  m.iximttm  i I'mperalui e in  descent  module  (maintained  by  i'( i M ) 

Thi'  usKUtued  heat  nf  1 union  for~the  phase  i hauge  material  us 
27‘>  .1/.  (120  lltu/lb). 

'I'lu*  weight  of  the  spherical  ulurugc  cimtaiiHT  for  the— high  ga.s  is 
cal  ciliated  assuming  tin1  gas  is  storetl— ul  0.  6‘J  N/  2 (10-1.  psj).  Hydrogen 
i-s  assumed  to  be  Hie  stored  gas  t'o  provide  the  lowest  weight  even  though  it 
would  uoL.be  practical. 

Weight  calculations  for  each  of  the  alternative  pressure  protection 
c.uididates  are  summariveud  in.  Table  4.  I - i.  The  lightest  weight  approach  is 
encapsulating  .ill  equipment  within  a large  pressure  descent  module, 
candidate  1.  The  conclusion  is  based  on  r.tllter  simplified  tradeoff  analysis 
but  the  trend  is  definitely  indicated.  Additional  detailed  tradeoffs  would  only- 
show  a treater  advantage  for  the  one  pressure  module.  ap|M*oueh  because  of 
tin1  optimistic  assumptions  in  all  other  approaches,  Kxamples  of  optimistic 
assumptions  are: 

1)  Capability  of  all  electronics  to  withstand  100  atm  of 
pressure 

2)  Omitting  heat  exchange  weight  estimate  for  candidate  2 

i)  Omitting  weight-estimates  of  valves  and  pressure  rings 
for  stored  high  pressure  gas  chamber 

4)  Omitting  weight  estimates  for  bellows 

n)  Assuming  optimistic  packaging  density  when  small 
pressure  vessels  are  packaged  inside  the  larger 
equipment  vessel 

6)  Optimistic  form  factor  for  all  science  instruments. 

Candidate  4-  weight  could  realistically  be  reduced  if  the  void  space 
within  the  pressure  vessel  were  not  completely  filled  with  phase  change 
material,  which  is  assumed  in  the  study,  but  partially  filled  with  a less  dense 
filler.  However,  it  would  still  be  much  heavier  than  candidate  1.  The 
weight  lor  the  phase  change  material  in  candidate  2 is  overstated  because 
pressure  and  temperature  is  assumed  to  increase  linearly  with  time  during 
descent.  This  high  weight  estimate  is  more  than  offset  by  the  omission  of  the 
heat  exchange  weight, 

A trend  has  been  established  indicating  weight  increases  occur  when 
solutions  to  the  high  pressure  protection  problem  for  planetary  in  site 
measurements  deviate  from  the  one  pressure  vessel  encapsulates  all  equip- 
ment approach.  This  trend  is  established  by  the  simplified  analysis  used  to 


4-23 


'1ABLF  4.  1-3.  MASS  GQM  PAR  ISON  SUMMARY 


Mass,  kg  (lb)  — — 



Candidate 

Item 

1 

2 

3- 

4 

Pressure  shells 

15.  4 (34) 

6.  8(15) 

6.  8 ( 15) 

6.  8 ( 15) 

5.  4 ( 12) 

Equipment  vessel 
structure  enclosing 
small  pressure 
vessels 

- 

3-2  ( 7) 

3.  2:1:(  7) 

3.  2 ( 7) 

13. 6 (30) 

Phase-change 
material  — cool  hot 
gas 

— 

13.  6 (3&) 

- 

— 

- 

phase  change 
material  — offset 
structure  capacity 

— 

2.7  ( £> 

2.  7 ( 6) 

- 

0 

High  pressure  gas/ 
container 

— 

— 

6.  8 (15)- 

- 

— 

Phase  change 
material  to  fill 
void  spaxe 

— 

- 

— 

11.  1*  ( 244) 

- 

Mass  of  stored  gas 

— 

— 

1.4  ( 3) 

- 

3.  2 ( 7) 

Total 

15.  4 (34) 

26.  3 (58) 

20.  9 (46) 

(266) 

22.  2 (49) 

Neglects  increase  in  equipment  vessel  size  and  mass  due  to  enclosed 
high  pressure  gas  container 

Net  of  PCM  liquid  and  removal  of  all  Min-K  insulation 
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obtain  tin:  mass  comparison  results  shown  in  Table  4.  1-3  and  prob<*  studies 
conducted  by  Martin  Marietta  Corporation  and  A V CO  during  their  Jupiter 
study  contracts  with  J PL  (ReXcr  cacos  4.  1-1— and  4.  ) -£).  The  weight 
increase  tor  low  or  nonpressure  approaches  occurs  because: 

1)  Some  science  sensors  and  payload  components  require 
protection  froth  (he  high  pressure;  consequently,  a 
total  nonpressure  protection  probe  is  not  practical. 

2}  Equipment  or  material  must  be  added- to  the  probe  to 
cool  the  vented  hot  air  or  store  gas  to  equalize  the 
inside  probe  pressure  with  the  outside  atmospheric 
pressure. 

The-Pioneer -Venus  baseline  approach  using-one  pressure  vessel  to 
encapsulate  alL  equipment  is  thus  verified  as  th  e-minimum  weight  approach. 

Ail  of  the  alternatives  to  the  one  pressure  vessel  encapsulating  all 
equipment,  contain  separte  small  pressure  vessels  to  protect  science 
sensors  arid  io  meet  field  of  view  and  access  requirements.  Several  small 
pressure  vessels  will  be  more  costly  than  a one  large  pressure  vessel 
approach  because  the  vessel  design,  fabrication  and  test  cycLe  must  be 
repeated  for  different  vessels.  Principal  cost  increase  would  be  in  the  tests 
needed  for  qualification  and  acceptance  of-eaeh  small  pressure  vessel.  In 
addition,  manufacturing  and  access  also-become  more  complex.  Sincre  the 
weight  trade  study- shows  a weight  increase  and  qualitative  observations 
indicate  a cost  increase  with  a nonpressure  vessel  approach,  a quantitative 
cost  trade  is  not  justified.  The  baseline  design  is  also  verified  from  the 
qualitative  cost  observation. 

Hemisphere  Versus  Multisegmented  Pressure  Vessel  Construction 

The  Thor/Dclta  and  Atlas /Centaur  baseline  pressure  vessels  are 
both  configured  as  spheres  constructed  by  joining  two  hemispheres  at  a 
pressure  sealed  main  (or  meridianal)  flange.  Although  the  hemisphere 
concept  provides  satisfactory  accessibility  to  all  internal  units,  superior 
accessibility  can  be  provided- by  a design  in  which  the  sphere  is  formed  by 
multiple  segments.  In  this  section,  a trade  study  which  compared  both 
configurations  is  described.  The  conclusionof  this  trade  study  is  that  the 
hemisphere  concept  is  more  desirable  in  spite  of  the  improved  accessibility 
afforded  by  the  multisegmentrod  concept. 

Two  ground  rules  were  observed: 

1)  Attachment  to  the  acroshcll  was  kept  identical 

2)  Internal  arrangement  was  identical  - two  horizontal 
shelves  forming  three  equipment  bays. 
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FIGURE  4.1  6.  PRESSURE  VESSEL  HEMISPHERE  CONSTRUCTION 
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In  ihf  homipshere  approach  (see  -Figur  e 4 1-6)  the;  inidbuy  units 
life;  readily  accessible  when  the  single;  meridional  flange  is  opened,  hut 
the;  upper  and  lower  bays  are  exposed  only  with  shelf  removal, 

Accessibility  is  maximized  with  the  addition  of  another  joint' 
in  each  hemisphere,  located  at  the  shelf  attach  plane.  The  pressure 
vessel  is  then  constructed  from  four  spherical  segments  joined  at  three 
flanges  (sec;  Figure  4.  1-6).  With  this  configuration,  besides  the  usual 
midbay  accessibility,  the  units  in  either  the  upper  or  lower  bay  are 
exposed  by  separating  their  respective  flanges.  This  approach  further 
allows  the  shelves  to  be  supported  in  a manner  most  advantageous  to  the 
direction  of  entry  loads.  However,  for  maximum  subsystem  efficiency, 
before  reopening  the  ball,  the  units  to  be  inspected  and  its  location  should 
be  known. 

Having  established  the  three  flange  concept  to  be  superior  for 
accessibility,  it  was  then  compared  to  the  hemisphere  concept  using  other 
important  criteria.  The  -esults  of  this  comparison  are  summaried 
below: 

1)  Weight.  With  the  multisegmented  construction,  addition  of 

two  flanges  and  accessories  will  increase  total 
pressure  vessel  weight.  For  the  large  probe  in 
titanium,  for  example,  the  weight  increase  would 
be  o_£l2  kg  (8/lb). 

2)  Fabrication.  Greater  care  in  design  and  manufacture  of  the 

multisegments  would  oe  required  to  assure  accuracy 
in  sphericity.  Such  accuracy  is  necessary  to  obtain 
maximum  strength  under  external  pressure, 

?)  Reliability.  The  multisegmented  design  requires  three  large 
seals,  whereas  the  hemisphere  design  requires  only 
one.  This  has  a serious  impact  on  the  mission 
reliability  and  is  undoubtedly  the  most  undesirable 
effect  of  tli e multisegments. 

4)  Cost.  The  multisegmented  design  is  judged  to  be  the  more 
costly  concept  to  develop,  test,  and  manufacture. 

Thus,  considering  the  entire  system,  and  all  of  the  comparison  factors  in 
total,  the  less  costly  hemisphere  concept  was  judged  to  be  superior. 

Confor mal  versus  Parallelepiped  Packaging 

Summary.  In  the  Atlas/Centaur  baseline  design,  the  external 
configurations  of  the  nonscicncc  or  housekeeping  units  which  arc  packaged 
within  the  pressure  vessel  were  seeded  to  product  maximum  volume 
utilisation  at  minimum  cost,  As  a result,  some  of  these  units  may  be 
configured  with  an  external  shape  that  conforms  to  the  interior  surface 
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FIGURE  4.1-7.  SMALL  PROBE  CONFORMAL  PACKAGE 
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of  t he  pressure  vessel  (conformal)  while  others  will  be  configured  in  the 
more  conventional  box  shape  (parallelepiped). 

The  decision  as  to  "'hich  of  the  units  should  be  conformal  and 
which  parallelepiped  was  based  on  a Thor /I’ieLta  trade  study  in  which  a 
comparison  was  made  between  each  relative  to  cost,  acce-s-sibility,  and 
the  system  impact  on  total  volume  utilization  and  weight.  Although  the 
study  was  conducted  on  the  Thor/Delta  design  the  conclusions  arc  equallv 
applicable  to  the  Atlas / Centaur  design.  Science  packages  were  not 
considered  in  the  study  because  it  was  considered  desirable  to  be  able  to 
accept  the  configuration  of  these  units  as  supplied,  and  further  because 
information  was  not  available  relative  to  the  case  with  which  any  of  these 
packages  could  be  made  conformable. 

All  of  the  housekeeping  units  fall  in  one  of  three  subsystem 
categories:  the  digital  subsystem,  the  power  subsystem,  and  the  rf 
subsystem.  Conformal  packaging  of  the  rf  subsystem  was  not  included  in 
the  trade  study  because  the  lumping  of  the  rf  units  in  close  proximity  to 
each  other  might  impair  the  desired  functional  operation  of  the  subsystem. 
Further,  this  subsystem  is  relatively  fragmented  with  many  small 
already  developed,  units  and  therefore  lends  itself  well  to  flexible  packaging- 
arrangements.  Thus,  only  the  power  and  digital  subsystems  were  included 
in  the  trade  study. 

The  digital  and  power  subsystem  were  tirst  packaged  within  the 
pressure  vessel  as  a conglomerate  of  several  conventional  parallel opiped 
units.  Then,  for  purposes  of  comparison  each  of  these  subsystems  were 
repackaged  within  a single  curvature  conformally  shaped  package,  one 
package  for  each  subsystem.  This  exerefse  was  repeated,  first  with  each 
package  configured  utilizing  1 degree  curvature  surface  (a  section  of  a 
cylinder)  and  then  with  each  utilizing  a 2 degree  surface  (a  section  of  a 
sphere).  For  each  of  these  packaging  configurations,  a complete  internal 
arrangement  of  both  the  large  and  small  probes  was  accomplished.  The 
pressure  vessels  inside  diameter  was  selected  in  each  vase  to  be  the 
minimum  necessary  to  contain  the  resulting  arrangement. 

The  results  of  the  trade  study  indicated  that  conformal  packaging, 
appropriately  applied,  results  in  a lower  weight  probe  design  with  added 
arrangement  flexibility  and  that  this  can  be  accomplished  without  a 
significant  increase  in  cost.  See  subsection  4.  6 for  detailed  packages 
and  cost  comparisons. 

Small  Probe  Conformally  Packaged  IFigurc  4.  1-7) 

In  the  small  probe,  a single  curvature,  power  unit  (except 
batteries)  and  digital  unit  (See  Figures  4.  1-8  and  4.  1-9)  were  used  in  the 
midbay,  resulting  in  a ball  diameter  decrease  of  0.  76  cm  (0.  3 in.  ) from 
the  parall elopiped  design.  This  translates  to  a 0.  45  kg  (1  lb)  reduction 
per  probe  pressure  vessel  module.  Although  size  and  weight  results  were 
not  dramatic,  the  ability  to  conformally  unitize  these  subsystems 


FIGURE  4.1-8.  SMALL  PROBE  POWER  ELECTRONICS 


FIGURE  4.1-9.  SMALL  PROBE  DIGITAL  ELECTRONICS 
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permitted  a greater  degree  of  functional  positioning  of  other  units  such 
as  rf  components  nearer  the  antenna  to  minimize  losae-s.  Thus,  the 
single  curvature  conformal  units  ’./ere  achieved  for  the  same  volume-  as 
the  combined  parallelepipeds  but  without  the  necessity  of  leaving  space 
between  boxes  for  cabling,  mounting,  etc.  There  was  also  no  loss  of 
pie-shaped,  unusable  pockets  of  volume  as  is  the  case  wi th-narallelepipeds. 

The  single  curvature  digital-unit  incurs  a significantly  higher 
incremental  cost  than  the  digital  parallelepipeds  because  the  shape  factor 
and  a need  for  restricting  the  size,  required  a departure  from  standard 
components  in. the  circuitry.  This  cost  plus  development  costs  indicate 
that,  at  least  in  the  digital  subsystem,  the  small  rewards  do  not  warrant 
the  cost.  This  is  not  the  case  for  the  power  unit.  Standard  components 
were  still  used  with  a very  minimal  initial  cost  increment  due  primarily 
to  restructuring  the  housing.  Internal  location  flexibility  at  least  is  still 
enhanced  (though  reduced)  by  use  of  a single  curvature  power  subsystem. 
The  use  of  double  curvature  conformal  units  is  the  small  probe  waa.  also 
investigated,  but  no  advantage  could  be  realized.  Apparently,  the  small 
volume  remaining  after  the  bulky  battery  pack  unit  is  installed  does  not 
permit  sufficient  arrangement  flexibility  to  derive  benefit  from  this  type 
of  conformal  packaging. 

A size  and  volume  comparison  is  shown  in  Table  4.  1-4  between 
a parallelepiped  and  conformal  small  probe.  The  numbers  indicate  the 
relatively  small  difference  between  the  two  for  these  parameters. 

Large  Probe  Conformally  Packaged  (Figure  4.  1-164-.  Unlike  the 
small  probe,  the  greatest  advantage  was  gained  by  using  a double  curva- 
ture conformally  packaged  power  unit  in  the  lower  bay  and  a single 
curvature  digital  unit  in  the  mid-bay  (See  Figures  4.  1-11  and  4.  1-12). 

This  resulted  in  a 2.  54  cm  ( 1 in. ) decrease  in  diameter  and  about  a 3.  62 
kg  (8  lb^  weight  saving.  Because  of  an  inherent  location  flexibility  in  the 
larger  sphere  the  double  curved  power  unit,  although  enclosing  50  pereent 
more  volume  than  the  power  parallelepipeds,  utilized  volume  peripherally 
and  in  depth  that  rectangular  shapes  could  not  use.  This  ability  to  use  a 
previously  low  packing  efficiency  area  for  the  complete  power  electronics 
subsystem  vacated  a rather  large  block  of  premium  volume  in  the  center 
bay.  It  further  allowed  a much  greater  location  flexibility  which  permitted 
functional  placement  of  other  units  with  more  room  for  integration  and 
interconnection.  This  in  turn  providing  a more  favorable  center  of  mass 
location  (see  Table  4.  1-6)  since  it  did  not  require  battery  displacement. 

As  in  the  small  probe  the  digital  conformal  unit  was  costly  to 
repackage  while  the  power  unit  cost  increment  was  minimal.  However, 
it  was  determined  that  much  of  the  space  and  weight  savings  accomplished 
by  full  conformal  packaging  of  both  digital  and  power  units  could  be 
obtained  with  less  cost  by  using  conformed  packaging  for  only  the  power 
unit  and  using  an  "off-the-shelf"  parallelepiped  digital  unit. 
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TABLE  4.  1-4.  CONFORMALLY  PACKAGED  SMALL  PROBE 
VOLUME  COMPARISON 


Parallelepiped 

Conformal 

Inside  diameter,  cm  (in) 

31.  24 

30.  48 

* 

(12.  *) 

(12.0) 

3 3 

Available  volume,  cm  (in  ) 

15,961 

14,  8L4 

- 

(974) 

(904) 

3 , 3, 

Equipment  volume,  cm  ( in  ) 

6,  538 

*6,  096 

(no  supports) 

(399) 

(37  2) 

Equipment  packing  factor 

2.  44 

2.  42 

Equipment  packing  density,  percent 

41.  0 

41.  2 

Total  packaged  volume,  cm'1  (in^) 

7,948 

7,  423 

(includes  supports) 

(485) 

(453) 

Total  packing  factor 

2.  0- 

1.  98 

Total  packing  density,  percent 

49.  8 

50.  1 

Volume  smaller  for  1 deg  conformal  units. 
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FIGURF  4.1-10.  LARGE  PROBE  CONFORMAL  PACKAGE 
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FIGURE  4.M1.  2 DEGREE  LARGE  PROBE  POWER  ELECTRONICS 


reproducibility  OF  the  original  Page  IS  poor. 
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FIGURE  4.1-12.  1 DEGREE  LARGE  PROBE 
DIGITAL  ELECTRONICS 
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A numerical  comparison  of  parallelepiped  versus  conform  ally 
packaged  large  probes  is  given  in  Tables  4.  1-5  and  4.  I -6.  Table 
4.  1-5  shows  the  overall  size  and  volume-comparison  while  Table  4.  1-6 
gives  relative  volume- and  mass  distributions  by  buy. 

Conclusions  (-Applicable  to  Atlas /Centaur  as  welt).  The  size 
and  weight  advantage  for- the  small  probe  is  not  enough  to  warrant  the 
added  cost  of  a conformally  packaged  digital  unit.  The  greater  functional 
location  flexibility  demonstrated  in  this  exercise,  at  a small  cost 
increment,  requires  that  a conformal  power  unit  be  seriously  considered 
in  future  arrangements. 

Pressure  Vessel  Module  Configurations 

The  essential  configuration  features  of  both  large  and  small 
probe  pressure  vessel  modules  arc  as  follows  (see  Figure  4.  1-13): 

• Science  and  housekeeping  (rf,  power,  data/command, 
etc.  ) resting  on  two  horizontal  shelves 

• Shelves  are  attached  to  a surrounding  spherical 
metal  pressure  vessel 

• Pressure  vet  sel  is  surrounded  by  spherically 
formed  insulaUon. 

• - Insulation  is  surrounded  by  thin  metal  spherical 

retainer 

• Conical  metal  'Z'  adapter  is  attached  to  the  pressure 
vessel  meridional  flange  protruding  through  insulation 
and  retainer  to  provide  structural  path  to  aeroshell 
and  aerodynamic  stabilizing  ring  (this  aerodynamic 
stabilizer  is  not  required  on  the  small  probe). 

• All  elements  (shell,  insulation,  and  retainer)  provide 
egress  for  science  and  housekeeping  penetrations. 

The  Thor /Delta  large  probe  is  shown  in  Figure  4.  1-2.  Science 
and  housekeeping  subsystems  arc  pressure  protected  in  a 54.  61  cm 
(21.5  in.)  inside  diameter  metallic  spherical  pressure  vessel.  The 
sphere  is  constructed  of  two  hemispheres  joined  at  a meridional  flange 
which  incorporates  a metallic  seal  capable  of  withstanding  space  vacuum 
and  Venus  pressure.  For  entry  loading  the  units  arc  supported  by  two 
metal  honeycomb  shelves  placed  horizontal  to  the  descent  axis.  The 
shelves  are  attached  peripherally  to  machined  flanges  (one  in  each 
hemisphere)  which  react  the  shelf  loads  into  the  shell  wall.  Kxperinients 
are  located  so  that  optical,  atmospheric,  and  electrical  penetrations 
meet  maximum  mission  requirements  and  do  not  compromise  strucutral 
integrity. 
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TAI3LK  4.  1-5.  CONFORMALLY  PACKAGED  LARGE  PROLE 
VOLUME  COMPA4HSON 


Pa  ral  PLipiped 

Conformal 

Inside  diameter,  cm  (in.) 

54.  <>1 

52.  07 

(21.  5) 

(20.  5) 

Available  volume,  cm*  (in*)  

85,  18  1 

73, B73 

(5, 198) 

(4,  508) 

Equipment  volume  (no  supports), 

37_461 

' 3 8 , 83i, 

cmj  (in3) 

(2,  28b) 

(2,  370) 

Equipmenfpacking  factor 

2.  27 

1.  9 

Equipment-packing  density,  percent 

44.  0 

52.  6 

Total  packaged  volume,  cm*  (in*) 

47, 523 

47, 752 

(includes  supports) 

(2,900) 

(2,914) 

Total- packing  factor 

1.  79 

1.  55 

Total-packing  density,  percent 

55.  8 

64.  5 

50  percent  greater  volume  for  2 deg  power  unit  over  parallelepiped. 
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I'ABLF  4.  1-6.  LARGE  PR  ORE  VOLUME  AND  MASS 
DISTRIBUTION  IVY  RAY 


Pat 

allelepiped 

C 

onfo  mia] 

M i d 

Lowe  r 

Upper 

Mid 

1 ,(IWM — 

Upper 

Available  volume, 

IS,  232 

24, 974 

24,974 

3 1, 955 

20,  959 

20, 969 

* /•  s 

cm  (in  ) 

(2,  HO) 

( 1,  524) 

( 1,  524) 

( 1,950) 

( 1,  279) 

( 1,  279] 

Equipment  volume, 

22,  414 

7,  882 

7,-L4Ji_ 

22,  188 

10, 619 

6,  030 

cm  (in  ) 

(L  369) 

48  1 

436 

( 1.  354) 

(648) 

(368 

Equipment  packing  factor 

1.  57 

3.  17 

3.5 

L 44 

1.  97 

3.  48 

Equipment  packing  density, 

M.  5 

31.5 

28.  6 

69.  5 

50.  6 

28.  8 

pe  rcent 

Mass  distribution, 

102.  76 

49.  92 

40.  26 

104.  19 

62.  57 

25.  96 

kg  (lb) 

(46.  71) 

(22.  69) 

(18. 3) 

(47.  36) 

(28. 44) 

(11.  8) 

Center  of  mass  (relative 

+0.  76 

~ 

+ 20.  32 

to  center  of  geometry), 

cm  (in) 

(+0. 3) 

(+0.  8) 

• 
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Approximately  2,  3 cm  (U.  9 in.  ) of  insulation  is  formed  tn  match  the 
external  sphericity  and  lit  snugly  around  the  various  peiiot rations,  ‘J'hc 
insulation  is  enclosed  and  hold  in  place,  by  two  I bin  hemispherical  metal 
retainers.  These  retainers  also  provide  egress  for  penetrations. 

The  sphericity  of  the*  forward  retainer  coupled  to  an  adapter  ‘Tug 
provide1  i he  e xternal  aerodynamic  characteristics  that  were1  successfully 
tested  .it  tin*  Langley  wind  tunnel.  The  conical  metal  adapter  ring  attaches 
to  the  descent  side  of  the  pressure  shell  ainridiunal  flange?  then  flares  out 
30  deg  and  terminates  at  a horizontal  flange  6.  3f>  cm  (2.  5 in.  ) aft  of  the 
sphere  center  of  geometry.  The  entire  pressure  vessel  module  entry  load 
is  transmitted  through  this  adapter  to  the  aorosholl  by  bearing  circum- 
ferentially around  the  entire  adapter  horizontal  flange.  Lateral  and  boost 
loads  (opposite  to  entry  loads)  are  reacted  by  three  separation  bolts  attaching 
Aeroshell  and  P.  V.  M.  at  the  locally*  thickened  adapter  ring.  This  aft 
adapter  ring  is  perforated  at  three  equally  spaced  sections  to  allow  the 
atmosphere  to  freely*  impinge  on  slightly  canted  spin  vanes  spanning  the  aft 
face  of  the  perforations. 

The  communications  antenna  protrudes  through  the  aft  insulation 
retainer  directly  on  the  descent  axis.  The  protrusion  is  sufficient  to  provide 
the  required  rf  view  angle. 

The  small  probe  is  shown  in  Figure  4.  1-3. 

While  similar  in  concept  to  the  large  probe,  the  small  probe  differs 
basically*  in  the  following  areas: 

• Since  it  does  not  separate  from  the  aeroshell,  it  does  not 
require  separation  bolts  or  spin  vanes  on  the  adapter 

• It  does  have  to  support  fixed  stabilizing  fins  through  the 
aft  insulation  retainer 

• Base  heating  at  entry  and  through  descent  requires 
thicker  insulation 

• Inside  diameter  is  32.  5 cm  (1  2.  8 in.  ) 

Atlas /Centaur  Baseline  Configuration 

The  following  is  a description  of  the  Atlas /Centaur  pressure  vessel 
modulo  (PVM)  configuration,  much  of  which  is  common  to  large  and  small 
probes.  Unlike  the  Thor/Delta  which  featured  external  insulation,  the  Atlas/ 
Centaur  preserves  the  essential  environmental  protection  and  aerodynamic 
features  while  shifting  thermal  projection  internal  to  the  pressure  vessel  in 
what  is  assessed  as  an  equally  effective,  lower  tost  technique. 
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Large  Probe  (Figure  l,  1-14).  A thin  maraging  steeL  pressure  sphere, 
hh.  1 I'tii  (id,  h in.  ) inside  diameter,  is  formed  by  hemispheres  joined  through 
thick  meridional  flanges  that  incorporate  a metal  V.  seal  to  withstand  both 
space  vacuum  and  the  reverse  high  external  Venus  pressure.  Reinforced 
penetrations  for  science,  housekeeping,  test,  cooling,  _etc.  , are  placed 
through  the  sphere  in  locations  that  meet  mission  and  functional  require- 
ments while  maintaining  spaeings  that  do  not  degrade- the  structural  integrity 
of  the-pressure  vessel.  No  external  insulation  permits  a much  cleaner, 
simpler,  interface  for  attachment  of  external  protuberances  such  as  the 
communications  and  wind  altitude  radar  antennas.  Such  protuberances  can 
be  mounted  by  properly  selected  high  temperature  materials.  No  external 
insulation  has  another  advantage  in  that  internal  accessibility  to  the  pressure 
vessel  is  vastiy  simplified. 

A conical  1 Z 1 adapter  constructed  of  steel  is  attached  to  the  descent 
side  of  the  meridional  flange  and  flares  aft  to  a horizontal  flange  that  inter- 
faces structurally  with  the  deceleration  module.  This  horizontal  flange  is 
also  a key  feature  of  the  aerodynamic  subsystem,  aiding  stability  after  aeco- 
shell  separation  and  providing  spin  vanes  for  roll  control  on  its  aft  surface. 

To  complete  the  aerodynamic  subsystem  successfully  tested  in  the 
Lar.gley  wind  tunnel,  a thin  lightLy  stiffened  metal  hemispherical  aero  fairing 
encapsulates  the  forward  pressure  sphere.  T’.  e fairing  directs  the  flow  into 
the  adapter  ring  and  through  the  spin  vanes.  The  fairing  attaches  to  a pres- 
sure shell  mounted  ring  that  holds  the  wind  altitude  radar  antenna  and  an  RF 
transparent  heat  shielding  radome  over  the  antenna.  The  radome  is  shaped 
to  provide  the  spherical  continuity  from  the  aero  fairing.  The  fairing  attaches 
peripherally  to  the  adapter  slight  inboard  of  the  horizontal  flange.  This 
small  offset  is  required  to  provide  a prescribed  angular  clearance  for  separ- 
ation from  the  deceleration  module. 

In  summary,  the  basic  elements  of  the  external  configuration  are: 

1)  Spherical  pressure  shell 

2)  Conical  structural/ aerodynamic  adapter 

1)  Hemispherical  aero  fairing  over  forward  pressure  hemisphere 

Small  Probe  (Figure  4 , 1-15).  The  small  probe  spherical  pressure 
vessel, TO.  b cm  (lb  in.  ) inside  HTameter,  is  common  in  concept  and  construc- 
tion to  the  large  probe.  Since  it  does  not  separate  from  the  deceleration 
module,  no  adapter  or  aero  fairing  is  required.  The  pressure  vessel  module 
mounts  directly  to  the  deceleration  module  at  the  meridional  flange.  It  does, 
however,  incorporate  four  roll  damping  fins  on  its  aft  hemisphere,  which 
protrudes  aft  of  the  deceleration  module  base  plane  Although  the  bulk  of  the 
thermal  protect!  jn  is  internal,  as  in  the  large  probe,  a thin  coating  of  ESM 
is  applied  to  the  aft  hemisphere  and  antenna  protuberance  for  additional  entry 
the rmal  protceti on . 
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figure  4.i-r  atlas/centaur  large  probe  external 
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Internal  Peat  u r«- s 


fcntr.no  Pri)!ii>  (Figure  i.  I -In).  A ; i ■ > « > r class  Halt  insulation  approxi- 
mately 1.27  i tr.  (0.  K in.  ) tliirU  i onuirnis  to  and  bears  directly  on  the  inner 
surface  of  the-  pressure  shell.  It.  is  retained  !>y  thin  metal  inner  hemispheres 
that  separate  the  insulation  from  the  inner  structure'  and  equipment.  The 
internal  insulation  and  its  retail. el  < an  he  configured  around  the  penetrations 
in  such  a manner  as  to  facilitate  assembly  and  removal  of  pressure  hemi- 
spheres. 

As  in  the  Thor/Delta,  the  spherical  packagcablc  volume  is  segmented 
into  three  bays  by  using  two  horizontal  soliu  aluminum  shelves  to  which 
equipment  is  mounted  on  both  sides.  Unlike  Thor/Dcita  where  both  shelves 
were  independently  attached  to  respective  hemispheres,  the  Atias/Centaur 
shelves  are  connected  in  a two  shelf  assembly  and  supported  by  the  lower 
hemisphere  only.  This  was  done  to  minimize  heat  conductance  from  the  hot 
shell  wall.  The  shelves  are  interconnected  at  their  edges  by  12  open  faced 
hat  section  columns,  i.atcral  support  is  provided  by  thin  webs  between  inter- 
mittent columns  and  a Light  closure  ring  on  top  and  at  mid-span.  Intermit- 
tent webs  permit  visibility  into  the  mid-bay  equipment  area.  The  mid-span 
ring  allows  passage  of  numerous  wires,  coax,  and  science  penetrations 
between  columns  without  providing  special  ports  through  the  interconnect 
structure.  It  also  permits  easier  disassembly  of  the  top  shelf  and  intercon- 
nect structure  by  minimizing  disturbance  to  the  lower  shelf  and  the  numerous 
protrusions . 

The  interconnect  structure  transfers  only  the  loads  imparted  by  the 
upper  shelf,  through  r.  shelf  support  ring  that  also  supports  the  lower  shelf 
circumferentially.  Interconnect  structure  and  shelf  support  ring  then  are 
attached  at  the  base  of  earh  column  direct)  into  12  cylindrical  stacks  of 
washers  for  thermal  isolation,  and  finally  into  an  integrally  machined  flange 
in  the  lower  hemisphere.  The  interconnect  structure,  shelf  support  ring, 
and  stacked  washers  are  titanium  fer  relatively  low  thermal  conductivity. 

The  stacked  washers  minimize  conductance-  from  the  hot  wall  while  providing 
a structurally  adequate  load  path. 

Packaging  concepts  developed  on  Thor/Delta  are  fully  utilized  on  the 
Atlas /Ceutaur  decks.  Science  instruments  are  preferentially  located  with 
adequate  space  remaining  for  housekeeping  equipment  while  maintaining  a 
favorable  mass  balanc  e.  The  increased  size  and  weight  capability  of  Atlas/ 
Centaur  permits  units  to  be  packaged  in  lower  cost  conventional  parallele- 
pipeds. It  further  allows  increased  spacing  between  units  to  facilitate  mount- 
ing, cabling,  and  overall  accessibility. 

The  assembly  of  two  shelves  with  tl.c  interconnect  structure  all  attached 
at  a single  plane  forms  an  "equipment  module"  that  can  be  assembled  or  dis- 
assembled in  total  or  section  by  section. 

In  summary  the  basic  features  of  the  internal  arrangement  are: 

1)  A two  shelf  interconnected  equipment  module  supported  at 
12  thermally  isolated  points  on  the  lower  hemisphere. 
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2)  A fiberglass  Butt  insulation  surrounding  the  equipment 

module,  bearing  on  the-p-ressure  vessel  wall  and  retained 
by  thin  metal  hemispheres. 

Small  Probe.  The  internal  arrangement  of  the  small  probe  is  identi- 
cal to  theTarge-probe-,  It  differs  only  in  size  and  structural  gauges.  The 
insulation,  however,  is  the  same  thickness,  1.27  cm  (41.  5 Lu_  ),  as  in  the 
large  probe. 
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| 4.2  AERODYNAMICS/  PLIGHT  DYNAMICS 


The  large  probe  pressure  vessel  configuration  is  a sphere,  modified 
to  provide  pitch  and  yaw  stability  and  a- predict  able  spin-rate.  The  sphere 
modifications  considered  included:  sle-ps,  flares,  discs  (hat  brim)  and  fins. 

Models  of  a number  of  the  configurations  havp-he-cn  built  and  tested  in  the 
Ames  Research  Center  water  tank  facility.  The  results  indicate  that  a number 
of  these  configurations  have  the  required  stability  and  develop  the  pred-icted 
spin  rate.  These  tests  are  considered  to  be  primarily  screening  tests  prior— 

to  building  and  testing  larger  scale  models  for  test  in  the  Langely  Research  j 

Center  spin  tunnel.  The  Reynolds  number  of  the  water  tank  drop  te-.ts  is 

50,000.  which  is  well  below  the  critical  Reynolds  number  for  a sphere.  How-  i 

ever,  the  qualitative  behavior  of  the  stable  configurations  indicated  that  they 
will  be  stable  at  the  full  scale  Reynolds  number. 

The  best  performing  models  from  the  water  tank  test.,  plus  a new  con- 
figuration, have  been  selected  for  spin  tunnel  tests.  Models,  fabricated  of  J 

fiberglass  and  balsa,  with  adjustable  weight  and  c.g.  , have  been  tested  in  the 
Langley  spin  tunnel.  The  dynamic  behavior  is  recorded  on  film  and  the  film 

record  has  been  analyzed  using  a stop  motion  movie  projector.  From  the  j1 

time  history  of  the  pitchmotion,  the  aerodynamic  characteristics  of  the  con- 
figuration have  been  determined.  All  of  the  configurations  testeo  are  stable  ! 

with  the  nominal  c.g.  location.  One  of  these  has  been  selected  as  the  base- 
line and  tested  with  various  protuberances  simulating  the  typical  scientific 
instruments . 

The  effects  of  these  protuberances  on  the  aerodynamic  characteristics 
of  ttrsrpressure  vessel  arc  within  ihe  scatter  of  the  data. 

J 

Using  a t>  degree-of-freedom  computer  program,  the  dynamic  behavior 
of  the  pressure  vessel  during  subsonic  descent  in  the  Venusian  atmosphere 
has  been  analyzed.  The  aerodynamic  coefficients  used  in  the  analysis  are 
those  derived  from  the  spin  tunnel  ter,cs  and  reported  in  Preference  4.2-1. 

This  analysis  shows  the  motion  due  to  the  mass  unbalance,  sharp  edged 
gusts,  wind  shears  and  initial  disturbances,  is  within  the  acceptable  limits. 

Requirements 

To  meet  the  needs  ot  the  science  payload,  the  aerodynamic  design 
requirements  for  the  large  probe  pressure  vessel  during  the  subsonic  descent 
are: 

1 ) The  configuration  must  be  dynamically  stable 

2)  Spin  axis  deviation  from  vertical  must  be  less  than  10  deg 

3)  Spin  rate  must  bo  less  than  15  rpm 
Tests,  Analyses,  and  Trades 

The  process  leading  from  the  aerodynamic  requirements  to  the  estab- 
lishment of  an  aerodynamic  configuration  baseline  for  the  pressure  vessel 
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moduli'  is  illusl rail'd  in  Figure  4.2-1.  In  this  section  the  various  steps  of 
tin-  prod  as  will  he  discussed.  The  candidate  configurations  will  lie  presented, 
and  the  water  tunnel  screening  tests  and  the  spin  tunnel  free  flight  tests  to 
these  models  briefly  described.  The  analyses  of  these  tests  awi-the  use  of 
a digital  computer  program-for  six-degre.o-of-l'reedom  simulation  of  the  entry 
trajectory  provide  the  free  flight  dynamic  characteristics  of  the  configurations 
and  a basis  for  selection  of  the  baseline  configuration. 

The  basic  configuration  for  the  pressure  vessel. is  a sphere,  primarily 
for  structural  reasons.  In  addition,  it  has  the  desirable  aerodynamic  charac-- 
teristic  that  its  center  of  pressure  is  the  center  of  the  sphere.  Iloncc,  if 
the-eenter  of  gravity  can  bo  just  slightly  forward  of  the  sphere  center,  it  will, 
be  stable  in  pitch  and  yaw.  In  practice,  the  sphere  exhibits  an  erratic  flight 
behavior  due  to  wandering  of  the  separation. point,  resulting  in  varying  lateral 
forces.  To  remedy  this,  various  discontinuities  such  as  steps,  rings,  and 
conical  flares,  which  fix  the  separation  point,  have  been  considered...  In  addi- 
tion, tails  and  vanes  have  been  used  to  augment  the  pitch  stability  and  provide 
roll. 


Candidate  Test  Configurations 

The  aerodynamic  configurations  chosen  for  the  water  tank  screening 
tests  are  shown  in  Figures  4.2-2  through  4.2-6.  As  a result  of  these  tests, 
configuration  4 (Figure  4.2-5)  was  dropped  and  configurations  6 and  7 (Fig 
(Figures  4.2-7  and  4.2-8)  added.  Various  protuberances  which  simulated 
the  typical  externa-l  instrument  probes  art  added  in  some  tests  in.order  to 
determi  :e  their  effecHs  on  the  aerodynamic  e harac.te-r-rstic s . In  addition, 
other  minor  modifications  have  been  included  as  shown  in  Figures  4.2-9 
through  4.2-13.  All  of  these  configurations  have  been  tested  in  the  Langley 
spin  tunnel  and  their  aerodynamic  characteristics  determined. 

Water  Tank  Screening_XusLs 


Hughes,  as  part  of  a company  funded  program,  conducted  tests  in  the 
Ames  Research  Center's  (ARC)  water  tank.  If  October  1972,  to  investigate 
the  relative  aerodynamic  stability  characteristics  of  (he  candidate  atmos- 
pheric entry  configurations.  The  primary  purpose  of  this  test  is  to  determine 
which  configurations  have  acceptable  dynamic  behavior  and  hence  are  candi- 
dates for  test  in  the  Langley  Research  Center's  (LRC)  6.  1 m (20  ft)  spin 
tunnel  facility.  To  be  acceptable  a configuration  must  be  stable  in  pitch  and 
yaw,  must  exhibit  small  lateral  excursions  when  "flying"  through  the  still 
water,  and  must  provide  a repeatable  spin  rate.  Configurations  1 through  5 
were  tested  and  the  results  indicate  that  configurations  1 through  4 are 
satisfactory,  and  configuration  5 did  not  warrant  further  consideration. 

Test  Models  and  Method.  The  test  models  are  6.  I cm  (2.4  in.  ) in 
diameter  and  wore  dropped  in  the  4.88  m (16  ft)  high,  0.61  m (2  ft)  square 
water  tank  at  Ames  Research  Center.  Two  sets  of  orthogonal  cameras 
photograph  the  model  as  it  descends  through  the  lower  3.05  m (10  ft)  of  the 
tank  as  shown  in  Figure  4.2-14.  Model  images  are  obtained  on  the  film 
plates  at  known  time  increments  by  illuminating  the  tank  with  stroboscopic 
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FIGURE  4 2-5  AERODYNAMIC  CONFIGURATIONS  4 (TAIL  OFF),  4A  (TAIL  ON), 
48  (TAIL  OFF),  AND  4C  (TAIL  ON) 
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FIGURE  4.26  AERODYNAMIC  CONFIGURATION  5 
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FIGURE  4.2e.  AERODYNAMIC  CONFIGURATIONS  7,  7A.  AND  7B 
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FIGURE  4 2-9.  AERODYNAMIC  CONFIGURATIONS  8 (TAILS  OFF)  AND 
BA  (TAILS  ON) 
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FIGURE  4.2-10.  AERODYNAMIC  CONFIGURATIONS  9 (TAILS  OFF)  AND 
9A  (TAILS  ON) 
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FIGURE  4.2-12.  AERODYNAMIC  CONFIGURATIONS  11  (TAILS  OFF)  AND 
11A  (TAIL  ON) 
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FIGURE  4.2  14.  WATER  TANK  SCREENING  TEST  SETUP 


4-62 


3CJ163-317UJI 


lights  at  a frequency  of  i>(>H  flashes  |>«t  mimic;  l lit*  camera  shutters  being 
open.  In  Figure  4.2-18,  montages  of  iwo  lypiical  test  recordings  are  shown. 

U esull  s of  Test  s . The  results  of  I he  water  tunnel  tests  are  surnmar- 
ir.ee!  in  'lable  4.2-1.  The  results  are  grouped  in  order  of  trajectory  disper- 
sion. starting  with  the  SO  percent  porosity  disk  which  presents  comparatively 
the  least  disperions,  the  flare,  0 percent  porosity  disk,  the  step,  the  vaned 
step  which  has  the  highest  disperions,  and  finally  the  sphere  which  is  used  as 
reference. 

The  tail  incidence  of  2 deg  provides  a helix  length  of  approximately 
7.  9 m (26  ft),  which  is  observed  in  the  tests.  The  drag  coefficients  shown  in 
the  final  column  have  been  determined  by  estimating  the  velocities  from  the 
photographs  and  the  model  net  weights  (gross  weight  - buoyancy).  For  the 
sphere,  values  of  drag  coefficient  of  0.  74  and  0.85  are  obtained  which  do  not 
agree  with  the  known  sphere  drag  coefficient  for  either  subcritical  or  super- 
critical flow  (Reference  4.2-2).  At  the  Reynolds  number  of  the  water  test 
( 50,000)  the  subcritical  drag  coefficient  of  a sphere  is  0.47.  The  discrepancy 
may  be  due  to  the  fact  that  the  sphere  is  not  "clean",  since  tape  marking  has 
been  applied  for  photographic  purposes,  and  slots  provided  in  the  aft  hemi- 
sphere to  hold  the  tails. 

A factor  peculiar  to  water  tank  tests  is  the  buoyancy  effect,  since  the 
buoyancy  force  is  approximately  onc-half  the  model  weight,  and  in  all  cases 
acts  near  the  model  center.  In  one  test  the  model  c.g.  is  aft  of  the  buoyancy 
center  and  motion  is  unstf  He.  In  all  other  cases  the  model  c.g.  is  forward 
of  the  center  of  buoyancy. 

All  models  tested  in  the  water  tank  except  configuration  5 are  con- 
sidered to  have  suitable  characteristics  to  warrant  further  tests  in  the  1,RC 
facility. 


Pressure  Vessel  Spin  Tunnel  Tests  and  Analyses 

Hughes,  as  part  of  a company  funded  program  has  conducted  two  series 
of  aerodynamic  tests  at  the  Langley  Rescan  h Center's  6.  1 m 120  ft)  spin 
tunnel  facility  on  1 1 - 13  December  1972,  and  24  - 25  January  i973,  to  deter- 
mine the  free  flight  characteristics  of  the  atmospheric  entry  configurations. 
The  models  tested  are  the  configurations  shown  in  Figures  4.2-2  through 
4.2-13.  excepting  configuration  4 (Figure  4.2-6)  and  have  been  tested  with 
and  without  tails  and  various  protuberances  which  simulate  the  typical  exter- 
nal instrument  probes.  The  diameter  of  the  basic  spherical  shaoe  is  31  cm 
(12.2  in.  ) and  the  reference  length  for  aerodynamic  calculations  is  the  exter- 
nal diameter  of  the  disc,  35.  6 cm  (14.  0 in.  ) 

One  of  these,  configuration  7,  is  selected  as  the  baseline  configuration. 
This  is  shown  in  Figure  4.2-16.  Its  aerodynamic  characteristics  are  pre- 
sented in  Table  4.  2-2. 

T<»st  Facility.  The  Langley  Research  Center's  spin  tunnel,  a 12  sided 
vertical  test  section  which  is  6.  1 m (20  ft)  across  the  flats  and  t>,  1 m (20  ft) 
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TAHLE  4.2-2.  LARGE  ERODE  RASE  LINE  (THOR 
MASS  PROPERTIES,  AND  AERODYNAMIC 

DELTA)  DIMENSIONS, 
OOEEKIOIEN  I’S 

lli-fe rpnr.c  length  (ring  diameter) 

0,  7 166  in 

Reft' rerue  area  (ring  aroa) 

0.4261  m^ 

Mass 

; s.  7S  i<g 

Moment  of  inertia  in  roll,  Ixx 

2.97  kg-m^ 

Moment  of  inertia  in  pitch,  Iyy 

2.  69  kg-m^ 

Moment  of  inertia  in  yaw,  Izz 

2.  99  kg-m^ 

Drag  coefficient, 

o 

0.  55 

Pitching  moment  curve  slope  coefficient,  C 

r m 

a 

-0. 0382/rad 

Normal  force  curve  slope  coefficient, 

a 

1 . 60/ rad 

Lift  curve  slope  coefficient,  CT 

L-i 

a 

1 . 05/ rad 

Damping  in  pitch  coefficient  C + C.  ^ 

- ).  0o2/rad/ sec 

q a 

Rolling  moment  coefficient,  C 

o 

0. 002/ rad 

Damping  in  roll  coefficient,  C 

-0.1 0/rad/ sec 

p 
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high.  Ni  ls  ai'i'  siren  1 1 • 1 arruss  the  upper  and  lower  ends  of  (lie  lest  seetion, 
I’-e  upper  net  lo  prevent  the  model  Irani  entering  the  fan  blades  and  the  lower 
nei  to  protei  i the  model  from  the  air  si raiglit ening  vanes  arid  tunnel  sides. 

A platform  surrounds  the  tunm  1 test  seetion,  and  si>:  of  the  tunnel 
sides  have  windows.  An  operator  at  one  window  controls  the  tunnel  velocity 
to  hold  tile  model  at  viewing  level.  A gimbal  mounted  16  mm  cinecamera  is 
provided  at  one  window  for  manually  tracking  the  model.  Two  of  the  other 
windows  can  he  opened  for  launching  ar  d retrieving  the  model. 

Model  Const  ruction.  Because  tlu  nature  of  the  spin  tunnel  testing 
requires  the  model  to  he  supported  solely  by  the  upward  stream  of  air,  the 
wind  tunnel  models  were’  constructed  of  lightweight  fiberglas  hemispheres 
with  provisions  for  adjusting  the’  c.g.  location  and  the  total  weight  of  the 
model.  All  models  used  a basic'  spheri.  al  de’sign  of  31  cm(l2.2  m ) diameter 
(approximately  1/2  scale)  to  which  interchangeable  parts  could  he  attached 
thus  providing  maximum  configuration  variation  from  a minimum  number  of 
parts. 

.Because  of  the  difficulty  of  mateoing  parameters  over  the  wide  range 
of  flight  conditions,  tlu’  models  are  not  lynamically  similar  to  a full  scale 
pressure'  vessel  descent  in  (lie-  Venusian  atmosphere.  Instead,  the  approach 
taken  is  to  record  the  model  response  and  analytically  determine  the  basic 
aerodynamic  characteristics.  Using  hesc  characteristics  and  the  full  scale 
mass  properties,  the  hvnamic  behavior  to  be  expected  in  the  Venusian  atmos- 
phere is  computed. 

Test  Operation.  The  tunnel  operator  adjusts  the  tunnel  upward  velocity 
to  that  requires!  for  n,reieT  hovering.  The  model  is  then  hand  launched  into 
the  tunnel  from  a window  across  from  the  camera  and  the  launch  dynamics 
filmed.  The  tunnel  operator  continually  adjusts  the  velocity  to  sustain 
hovering  flight.  In  general,  the  modi  i wanders  about  the  tunnel  because  of 
flow  irregularities  and  tends  to  rise  or  fall,  causing  the  operator  to  con- 
tinually readjust  the  velocity.  The  model  may  be  struck  by  a pole  from  a 
window  so  that  the  transient  response  lo  a disturbance  can  he  observed.  The 
model  motion  is  recorded  on  film  with  the  time  and  tunnel  velocity  recorded 
on  each  frame. 

Data  Taking  Technique.  The  only  data  obtained  is  the  filmed  motion 
of  the  model.  To  determine  tin  drag,  the  velocity  is  read  from  the  film  at 
those  times  when  tin  model  sustains  a hovering  flight.  Roll  position  data 
are  obtained  by  recording  tlu  times  at  whic  h the  vertical  reference  markings 
on  the  model  are  normal  to  i he  fratm  . Pitch  angular  motion  is  obtained  by 
fccor'Mng  the  model  pitch  angl<  relative  to  the  horizontal  reference  lines 
painted  on  'he  tunnel  wall  as  a function  of  lime. 

Flow  Visualization  ’I  ■ sis.  To  assure  that  tin  measured  aerodynamic 
characteristics  < an  lie  applied  to  the  full  sc  ab’  atmospheric  descent  case,  it 
is  necessary  that  l!n  test  Reynold.;  number  be  supercritical.  A'  Reynolds 
number  higher  than  the  * rith  nl  value,  the  flow  pattern  does  not  c hange  signi- 
/iiantly.  and  the  arrodvnnmic  eharai  teristn  s apply  at  any  higher  Reynolds 
nuinbe  r . 
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lull 


I n verify  i hat  tin-  flow  was  supercritical  in  these  tests  a series  of 
lull  runs  were  made. 

Wool  tufts  were  attac  hed  forward  and  aft  of  the  center  of  a sphere  and 
tin  tuft  motion  was  filmed  at  the  following  velocities  and  Reynolds  number: 


nt/  sec 

(V,  ft /see) 

Reynolds  Number 

4.  3 

(1-0 

90, 000 

•>.  4 

(21) 

135, 000 

8.  2 

(27) 

173. 000 

10.4 

(34) 

220.000 

12.  8 

(42) 

270, 000 

At  the  lowest  velocity  and  Reynolds  number  the  tufts  indicate  flow  separation 
forward  of  the  center.  For  the  Reynolds  numbers  135,000  and  above,  the 
tufts  indicated  attached  flow  well  aft  of  the  center  of  the  sphere,  thus  veri- 
fying that  supercritical  flow  exists. 

A further  verific  ation  of  supercritical  flow  was  obtained  from  smoke 
flow  tests.  !•  or  visualization  of  the  flow,  the  model  (configuration  7)  is 
constrained  by  three  lines  in  the  tunnel.  A smoke  sources  traverses  from 
one-  side  to  the  other,  upstream  of  (below)  the  model.  In  repeated  tests  with 
the  tunnel  speed  varied  from  12.5  m/scr  (41  ft/sec)  to  15.5  rn/sec  (51  ft /sec) 
there  is  no  indication  of  flow  dissimilarity.  The  separation  point  is  aft  of 
the  center  of  the  sphere  indicating  supercritical  flow. 

Further  smoke  tests  provide  a time  history  of  the  base  flow  exchange 
to  assess  the  lag  associated  with  measurements  made  in  that  area.  Although 
the  filmed  data  does  not  extend  long  enough  to  show  the  complete  clearing  of 
the  smoke,  it  indicates  that  the  base  flow  is  exchanged  in  approximately'  1 sec 

Drag  Analysis.  The  drag  coefficient,  is  computed  from  the  model 
weight  and  the  velocity  recorded  on  the  film.  Since  the  model  is  in  vertical 
flight,  the  drag  equals  the  weight  when  'he  vertic  al  model  motion  is  zero  and 
the  tunnel  veloc  ity  is  constant.  In  some  of  the  runs,  this  stead  state  con- 
dition is  not  ac  hieved,  and  an  estimated  velocity  is  obtained  by  bounding  the 
upper  and  lower  velocities  as  the’  model  motion  change's  from  upward  to 
downward  flight.  The  drag  coefficient  is  computed  from 
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FIGURE  4.2  17.  CONFIGURATION  7 MODEL  DRAG  CHARACTERISTICS 
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!'ho  d ran  i oot'i ii  iont  for  ucmfiguratinn  7 iias  boon  doturminud  from 
i-ach  run  and  prosontod  in  Fijiuru  4.2-17.  Tho  drat;  muffin  iont  s of  all 
i onfiiiurat  inns  is  taliulatod  in  Ta'nlo  4.2-1. 

St  abi  lit  y Ana  I u s i s ■ From  tho  filmt-d  rrrnrtis  of  t ho  vohiolos  flight, 
tho  transiont  rospouso  to  a pit  oh  an.ulo  disturhai  > <-  is  dorivud.  Tho  toi  hniquo 
usod  is  to  projoi  t tho  film  franio  hv  fratm-  on  a soroon  and  moastiro  tho 
pitoh  ant!  roll  attains  vorstts  titno.  Tin-  \olooitv  is  also  ruuordud  at  oaoh 
frarno.  Tlu-so  data  tiro  pl>ittod  as  futu  linns  of  tinm.  A tvpiual  plot  for 
t - .-hi  f i ii  u r *it  ion  ' is  uivun  in  I'iuuro  4,2-18. 
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FIGURE  d.2  18.  CONFIGURATION  7 STABILITY  ANALYSIS  PLOT 


From  tin*  plot  of  0 versus  lime,  Liu-  frequency  and  damping  are 
measured,  Assuming  a linear  system  in  steady  flight  with  zero  roll  rate, 
the  static  stability  coefficient  is  then  given  by:  v 


Cn\a 


l/2p  V 


2 


Sd 


where 


= pitch  natural  frequency 
I - moment  of  inertia  in  pitch 
p - atmospheric  density 

V - tunncrl  velocity 

^ e ttcI^ 

b = reference  area,  — 7— 

4 

d = reference  length 
Using  the  relations^  


Cm, 


= to 


'N, 


C, 


= c 


N, 


- C 


D 


and  the  response  data  for  different  c.  g.  positions,  CK7  , CT  and  the  c,  p. 

can  be  determined.  From  the  measured  damping  coefficient,  the  combinations 
Crii^  + Cmtt  can  bo  determined. 

When  the  model  is  rolling,  the  pitch  and  yaw  motions  are  coupled  and 
the  response  to  a disturbance  in  pitch  is  a combination  of  two  oscillations  of 
different  frequencies.  This  responsu  can  be  approximated  in  a nonrolling 
coordinate  system  by: 


„ A,t . , „ A ,t 

B j e 1 t B ^o  2 


A 


1.  2 


1 P(Zw  M ) . . P . J 2 . F2 

n ± -V  £~  1 T i 1WO  + — — 

2 I -p  2 4 

y 2 . P 


io  o t- 


I he  assumption  of  a linear  system  is  not  valid  for  large  disturbances,  but 
for  oscillations  of  tin*  order  of  10  deg  it  is  reasonable.  For  large  amplitudes, 
the  technique  results  in  the  characteristic  of  an  "equivalent"  linear  system. 
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X'.'lJ.l 


wilt'  IT 


0 0 ! i t> 

0 - pilch  angle 
+ - yaw  angle 


p •-  roll  rate 

lx  = roll  moment  of  inertia 
Iy  = pitcli  moment  of  inertia 
p damping  coefficient  of  nonrolling  system 
u>o  - frequency  of  nonrolling  system 

Zvv  - damping  in  plunge  coefficient  of  nonrolling  system 


To  determine  the  aerodynamic  coefficients  from  the  motion,  it  must 
be  viewed  in  two  orthogonal  planes  (pitch  and  yaw),  so  that  the  actual  roll 
axis  motion  can  he  identified  as  two  oscillations.  If  only  one  plane  is  viewed, 
the  combined  oscillation  appears  as  a single  oscillation. 

If  the  system  is  lightly  damped  and  the  roll  rate  is  small  compared  to 
the  pitch  frequency,  the  transient  oscillation  following  an  initial  disturbance 
in  pitch  appears  as  a high  frequency  oscillation  of  frequency, 

/ t 2 ' 

\ - \uo‘~  t-  P /4  modulated  at  a frequency  P/2. 


who  re 


P = 


P 


I_x 

iy 


and 


p ~ re'll  rate 


The  data  can  lie  reduced  to  pitching  moment  coefficient  as  before,  using  the 
relation: 


where  \ is  the  observed  frequency. 
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Using  the  techniques  <1  »•«*•  r i l>t*c I above,  tin  data  have  been  reduced  and 
tlie  aerodynamic  ehnrni  w-rist  it's  obtained  are  tabulated  in  Tables  1 . - t and 

•1.2  I (uiih  the  data  with  /.ern  or  low  roll  rale  have  been  used). 

The  results  of  the  spin  tunnel  tests  and  dynamie  analysis  indie  site  that 
configu rat  inns  1.  2.  -1.  o.  7.  and  9 have  satisfactory  aerodynamic'  charaeter- 
isties  in  that  any  of  them  eau  satisfy  the  design  requirements.  lienee,  the 
baseline  selec  tion  is  not  made  on  the  basis  of  aerodynamic  characteristics 
alone.  The  selec  tion  is  made  primarily  on  tin-  basis  of  meehanieal  simplieity. 
The  selected  configuration  is  configuration  7.  which  is  shown  with  typical 
instrument  protuberances  in  Figure  4.  2- In.  This  configuration  was  tested 
with  and  without  protuberances  and  with  various  e.  g.  positions.  The  reduced 
stability  data  is  shown  in  Figure-  4.2-19,  where  Cma  versus  e.g.  position  is 
plitted.  From  this  plot  the  following  parameters  are  obtained. 


C I . tiO 

C.P.  = -.0125d 


In  Table  4.2-4  a large-  scatter  in  the  measured  values  of  the-  damping  para- 
meter. H . is  noted.  Accordingly,  a conservative  estimate  of  q - 0.9  is 

made  which  viclds  Cm  ■+  - -0.052. 

q 

Effect  of  Protuberances.  The  various  protuberances  which  simulate 
scientific  instruments  protruding  through  the  spherical  body  arc-  shown  in 
Figure-  4.2-le.  The-  protuberances  were  tested  in  various  locations  on  the 
sphere.  In  general,  the-  observed  effect  of  all  of  these  protuberances  is 
negligible.  Differences  in  dyanmic  behavior  with  and  without  protuberances 
is  well  within  the  scatter  of  the-  data,  with  one  exception:  when  a single 
protuberance  A1  is  installed,  a pitch  oscillation  at  the  roll  rate  is  observed. 
However,  when  the  model  is  balanced  l»y  a small  wad  of  clay  diametrically 
opposite  Al.  the  '"wobble1'  disappears.  It  is  also  noted  that  twisting  A!  to  a 
finite  angle  of  attach  produced  a significant  roll  rati-. 

Analysis  of  Dynamu  Behavior 

A digital  computer  program  entitled  oD-AESS  has  been  developed  to 
simulate  the  three-dimensional  flight  of  a passive  atmospheric  entry  system 
with  n -degrees -of -freedom.  The  primary  purpose  of  the  simulation  is  to 
describe  the  low  subsonic  dynamie  behavior  of  a spinning  atmospheric  entry 
system  subjected  to  initial  disturbances  and  altitude  variable  winds.  Tin 
simulation  was  employed  in  the  analysis  of  the  dynamic  response  of  the 
large  probe  pressure  vessel  when  subjected  to  initial  disturbances  and  dis- 
turbances due  to  wind  shear  and  sharp  edged  gusts.  The  analysis  considered 
both  symmetric  and  asymmetric  configurations. 
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TABLE  4.  2-4.  RESULTS  OF  STABILITY  PLOT  ANALYSIS 
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FIGURE  4.2-19.  BASELINE 


CONFIGURATION  PITCHING  MOMENT  COEFFICIENT  VERSUS  CG  POSITION 


REPRODUCIBILITY  OF  THE  ORIGINAL  PAGE  IS  POOR- 


4-77 


" »-  — -wwii ilffPST'T  . 't 


"T”--  TTWTP?’ 


,*T 


( 'uiiiimi  ■ • i*  Sunn  lal  i' hi  Di'.si  riplinn.  I " ! i * ’ inmpuler  simulation  is 
prn^i'ammi'i!  in  tin1  FORTRAN  IV  language  for  use  on  Hit-  (iK-bib  innipuler. 

The  h.xly  linear  a<  < elrral  ion  i omponi'nls  of  tin'  < ■ cp  i <i  l ions  ol  motion  arc  derived 
from  aerodynamic  grav  itational  nml  httouynncy  fori  os.  Tim  body  angular 
acceleration  lompoimnlH  aro  deriv'd  I rum  aorodvnamii  moments.  Magnus 
fon  t's  and  moments  aro  assumod  insignificant  for  low  spin  rat  os  i nnsidorod 
herein.  Tim  simulation  i onsidors  a symmol  rit  at mosplm rio  ontry  system 
with  tho  body  asms  aliened  with  the  principal  uses.  Tim  products  of  inertia 
ol  tlm  system  are  therefore  equal  t"  aero  and  the  moments  of  inertia  are 
inputs  to  the  simulation.  The  ae rodyi.amie  coefficient  expansion  employed 
in  the  simulation  is  linear.  Small  configural  iotial  asymmetries  which 
induce*  non-xero  trim  angles  of  attack  may  he  introduced  into  the  equations 
of  motion  through  the  aerodynamic  moment  coefficient  expansion  inputs. 

Three  coordinate  systems  are  employed  in  the  simulation: 

1 ) Inert  ial  sy  si em 

2)  Hotly  fixed  system 

I)  Nonrolling  hotly  fixed  system 

Tin-  atmospheric  density  and  winds  are  described  in  the  inertial  sys- 
tem. The  equations  of  motion  are  developed  in  the  hotly  fixed  system  anti 
several  simulation  outputs  are  pri  senletl  in  a nonrolling  hotly  fixed  system 
to  rentic*-  the  dynamic  behavior  more  discernible.  Appropriat  e Euler  angle 
transformations  relate  the  three  systems. 

Simula!  ion  Result  s.  The  dynamic  analysis  was  conducted  for  the  large 
probe  pressure  vessel  entering  the  Venusian  atmosphere  (GSFC  No.  3t>09 
Venus  model  atmosphere),  at  an  altitude  of  40  km  (approximately  1 >1,200  ft). 

It  is  assumed  that  the  pressure  vessel  is  separated  from  the  drag  chute  at 
this  altitude,  rapidly  speeds  up,  and  then  descends  at  very  nearly  constant 
dynamic  pressure.  The  variations  of  spin  rate  and  velocity  during  this  near 
constant  dynamic  pressure  descent  for  typical  configurations  are  presented 
in  the  discussion  of  the  baseline  configurations. 

The  dynamic  analysis  discussed  herein  is  especially  concerned  with  the 
configuration  response  to  a disturbance  as  measured  by  the  total  angle  vertical 
offset,  between  the  configuration  centerline  (spin  axis)  and  the  vertical. 

The  allowable  vertical  offset  excursion  of  an  atmospheric  entry  system 
is  dictated  by  the  system's  antenna  characteristics.  The  dynamic  behavior 
analysis  el'  several  configurations  has  been  conducted  using  this  simulation 
to  determine: 

1)  Maximum  amplitude  and  time  response  of  vertical  offset  due 
to  an  initial  disturbance 

2)  Trim  vertical  offset  due  to  small  configuration  asymmetries 

2)  Maximum  amplitude  and  time  response  of  vertical  offset  due  to 
wind  shear  and  sharp  edged  gusts 
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Small  configurational  asymmetry  effects  nn  trim  angle  of  attack  and 
vertical  offset  have  been  evaluated  by  the  ini  rodiu  t ion  of  a constant  ampli- 
tude moment  term,  Cm  . into  the  linear  aerodynamic  moment  coefficient 
expansion.  A later  ial  e”  g.  offset  from  the-  body  center  line,  A^  will  **«>Hult 
in  a moment  duo  to  the  axial  drag  force  and  can  be  related  to  Cm  ; 

ACC  fort 

o CD 


The  trim  ingle  of  attac  k induced  by  a lateral  c.g.  offset  it;  esscn.l ially 
invariant  with  altitude.  The  effects  of  this  c.g.  offset,  on  the  dynamic  behavior 
of  the  spinning  pressure  vessel  are  presented  in  the  discussion  of  the  base- 
lines. 

The'  response  of  an  atmospheric  entry  system  to  a sharp  edged  gust 
at  various  altitudes  is  primarily  a function  of  the  system's  stability  and 
damping  characteristics  and  its  velocity  at  the  time  the  gust  is  encountered. 
The  higher  the  static  stability  the  more  rapidly  it  weathercocks  into  the 
relative  wind  and  the  larger  the  excursion  of  the-  vertical  offset.  To  reduce 
the  maximum  vertical  offset  excursion  due  to  winds,  a lesser  static  stability- 
margin  is  desirable.  On  the  other  hand,  a large  static  stability  margin  is 
desirable  to  reduce  the  trim  vertical  offset  due  to  initial  disturbances  and 
configurational  asymmetries. 


Selection  Crite r i a 


The  baseline  aerodynamic  configuration  is  selected  using  the  following 
criteria: 

1)  The  system  aerodynamic  requirements  must  be  met: 

a)  Spin  axis  deviation  from  vertical  must  he  less  than  10  deg 


2) 

3) 

4) 

5) 


b)  Spin  rate  must  be  less  than  1 5 rpm 

The  configuration  must  adapt  easily  to  a spherieal  pressure 
vessel 

Minimum  system  cost 
Minimum  system  weight 
High  reliability 
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FIGURE  4.2-20.  VELOCITY  AND  SPIN  VACATION  WITH  ALTITUDE 
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The  system  aerod-  nan.  n requirement  s dictated  the  .sialic  stability, 
(lamping,  sensitivity  to  r.  g,  offset  (both  lateral  and  longitudinal) . roll  torque 
alignment,  aval  moment  of  inertia  ratios.  All  ca  ululate  configurations  wore 
able  to  meet  the  aerodynamic?  requirements.  The*  selected  base),  ies  rated 
high  in  tin*  desirable  aerodynamic  characteristics.  All  were  based  upon 
spherical  shapes  and  so  adapted  readily  to  the  pressure'  vessel  design. 

The  highest  reliability  was  obtained  by  eliminating  the  folding  vane 
designs  and  choosing  the  ring  stabilized  designs  for  further  consideration. 

Cost  find  weight  were*  also  minimized  by  this  selection  process. 

In  the  selection  of  the  Thor/Delta  baseline,  low  weight  received  a 
higher  priority  than  it  did  in  the  Atlas /Centaur  baselines  selection.  Similarly, 
low  cost  received  a higher  priority  in  the  Atlas / Centaur  baseline  selection 
than  it  did  in  the  Thor/ Delta  baseline  selection. 

Thor / Delta  Baseline  Configuratio n 

Configuration  Des c ription 

The  baseline  aerodynamic  configuration  for  the  Thor/ Delta  launched 
probe  s shown  in  Figure  4.  2-16.  All  dimensions  are  in  terms  of  the  refer- 
ence 1'ngth  which  is  the  ring  diameter.  The  physical  dimensions  and  mass 
properties  and  aerodynamic  coefficients  are  shown  in  Table  4.  2 2. 

Descent  Velocity  and  Spin  Rate 

The  variation  of  spin  rate  and  velocity  during  the  descent  are  shown  in 
Figure  4.  2-20.  The  maximum  spin  rate  which  occurs  at  the  altitude  of  para- 
chute release  (40  km)  is  17  rpm , which  is  determined  primarily  by  the  vane 
angle  settings  and  is  directly  proportional  to  the  descent  velocity.  It  falls 
below  15  rpm  by  the  time  the  probe  has  descended  to  36  lum. 

Response  to  Initial  Disturbance 

Using  the  aerodynamic:  coefficients  obtained  from  the  LRC  spin  tunnel 
test,  a series  of  runs  were  made  with  the  6D  digital  simulation  to  establish 
the  dynamic  characteristics  of  the  Thor/Delta  baseline  reentry  probe. 

Figure  4.  2-21  presents  the  response  to  an  initial  disturbance  (separation 
from  the  drag  chute).  1 he  disturbance  used  is  an  initial  vertical  offset"' 
of  20  deg  and  a diverging  body  rate  of  30  deg/sec,  and  results  in  a largo 
vertical  offset  excursion  of  approximately  40  deg.  However,  it  is  noted  that 
the  amplitude  has  decreased  to  less  than  10  deg  in  5 sec.  This  disturbance 
is  considered  to  be  much  more  severe  than  any  that  will  be  encountered. 


The  term  "vertical  offset"  is  used  in  this  report  to  define  the  angle  between 
the  body  centerline  and  the  local  vertical.  The  maximum  allowable  vertical 
offset  i3  dictated  by  the  system's  antenna  characteristics. 
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FIGURE  4.2  21.  RESPONSE  TO  INITIAL  DISTURBANCE 
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Effect  of  Confi  gu  ration  Asymimli'ii's 


I In-  trim  angle  ol  titlark  induced  1 »y  a lateral  c.  g.  offset  is  essentially 
invariant  with  altitude  and  spin  rate  due  to  the  relatively  low  spin  rates  and 
the  small  differences  between  the  moments  of  in  rlia.  However,  the  trim 
an^lt  relative  to  the  local  vertical  (trim  vertic  .1  offset)  varies  with  altitude 
due  to  the  variation  in  spin  rate.  Spin  rate  ha  a generally  stabilizing  effect 
on  vertical  offset  im  rrasrs  with  decreasing  altitude  tor  a given  c.  g.  , offset 
and  non-zero  C t . 1 lie  maximum  trim  vertical  offset  occurs  with  zero  spin 

rati'  and  is  invariant  with  altitude.  1 hese  effects  are  clearly  illustrated  in 
Figures  4.  2-22  anti  4.  2-23.  For  a maximum  allowable  vertical  offset  of  10 
deg,  the  c.  g.  lateral  offset  from  the  centerline  must  be  limited  to  approxi- 
mately 0.43  pereenL  diameter. 

Re  spun se_  to  Giists 

The  response  to  a step  gust  of  9.  li  m/sec  (30  ft/sec)  at  various  alti- 
tudes is  shown  in  Figure  4.  2-24.  Figure  4.  2-2o  illustrates  the  variation  of 
the  maximum  vertical  offset  angle  excursions  as  altitude  is  decreased  and 
gust  zelocities  are  varied.  This  figure  indicates  the  gust  profiles  that  can 
be  tolerated  as  a function  of  altitude  to  assure  the  peak  vertical  offset  excur- 
sions do  not  exceed  10  deg. 

Effect  of  Wind  Shear 

Figure  4.  2-20  presents  the  effect  of  wind  shear  on  the  maximum  body 
attitude  excursion  as  a function  of  altitude.  Two  wind  shear  profiles  are 
postulated: 


1)  A constant  wind  shear  initiated  at  zero  wind  velocity  and  termi- 
nated when  the  wind  velocity  builds  up  to  9.  14  m/sec  (30  ft/sec). 
The  9.  14  m/sec  wind  velocity  is  then  maintained  constant. 

2)  A constant  wind  shear  initiated  at  zero  wind  velocity  without 
te rtn  inat  ion. 

As  indicated  by  Figure  1.  2-26,  the  latter  shear  profile  generally  re- 
sults in  the  larger  vertical  offset  <.  xeursion.  The  two  profiles  result  in 
identical  maximum  vertical  offsets  at  low  shear  values  where  the  maximum 
vertical  offset  excursion  occurs  prior  to  the  wind  velocity  reaching  9.  14  m/ 
see  (50  ft/sec). 

A l las/C.  ntanr  baseline  Confignral  ion 

The  addition  of  the  wind  drilt/altitude  radar  to  the  science  payload  and 
its  planar  antenna  on  the-  nose  of  the  large  probe  pressure  vessel  requires  a 
modification  of  the  configuration.  The  addition  of  this  large  flat  plate  to  the 
nose  of  the  probe  is  expected  to  cause  a ‘orvvard  shill  in  the  center  of  pres- 
sure. Consequently,  a spherical  aerodynamic  fairing  and  radotnc  has  been 
placed  over  it.  This  results  in  a geometrically  similar  configuration, 
except  that  the  aft  hemisphere  is  relatively  smaller.  1 he  differences  are 
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FIGURE  4.2  23.  TRIM  VERTICAL  OFFSET  DUE  TO  DRAG  FOR  ASYMMETRIC  CONFIGURATION 
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FIGURE  4.2-25.  MAXIMUM  BODY  EXCURSION  DUE  TO  SHARP  EDGED  GUST 
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shown  in  Figure  -1.2-27.  Since  this?  is  in  the  wake  region,  it  is  exported  to 
have  a negligible  efl'eet  on  the  aerodynamic  characteristics. 

In  addition,  two  minor  changes  shown  in  sections  A and  B of  Fig- 
ure 4.2-27  have  been  required  to  transfer  the  entry  deceleration  load  to  the 
aeroshcll  structure.  They  result  in  reducing  the  span  of  the  spin  vanes  and 
locating  thorn  farther  aft,  which  have  compensating  effects  but  are  expected 
to  slightly  change  the  pitch  and  yaw  stability.  Sufficient  test  data  docs  not 
now  exist  to  quantify  this  effect.  The  second  change  is  the  addition  of  a 
conical  segment  forward  of  the  spin  vanes  and  aft  of  the  center  of  the  sphere. 
Based  on  the  results  of  sphere  with  aft  conical  sections,  this  is  expected  to 
slightly  increase  the  stability  and  drag. 

The  aerodynamic  coefficients  for  the  Atlas /Centaur  are  compared 
with  those  of  the  Thor/Delta  baseline  in  Table  4.2-  It  is  noted  that  the 
ratio  of  W/CqA  is  essentially  the  same,  hence  the  .'cscent  velocity  is 
unchanged.  Furthermore,  the  stability  margin  has  teen  increased  but  so 
has  the  pitch  inertia;  the  resulting  natural  frequency  is  increased  4 percent. 
The  vane  angle  has  been  changed  to  increase  the  rolling  moment  coefficient, 
C£0  to  provide  the  same  spin  rate.  Consequently,  the  dynamic  performance 
is  essentially  the  same  as  that  of  the  Thor /Delta  baseline  and  the  character- 
istic performance  curves  will  be  very  similar. 


AFPODYHAM  K BAS£l/HC 
T£S  T CCrJf  /&.  OB  A r/c  n 


ppepas  eo 
CONF/tZ  Off  A TlOhJ 


FIGURE  4.2-27.  ATLAS/CENTAUR  AERODYNAMIC  CONFIGURATION 
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TABLE  4.2-6,  PARAMETERS  USED  IN  DYNAMIC  ANALYSIS 


Configuration 

Thor  / Delta 

Allas  /Centaur 

CD 

o 

°N  a 

0.  55 

0.  58 

1. 60 

1. 60 

Cm 

a 

-0.0382 

-0.041 

Cm 

q 

-0.052 

-0.052 

Cm  • 
a 

0 

0 

o 

«=w 

U 

0.  002 

0.0025 

-o.  j o 

-0.  10 

P 

i ref,  in  (ft) 

0.  736  (2.  416) 

0.  965  (3.  167) 

S ref,  m2  (slug-ft2) 

0.  466  (4.  581) 

0.731  (7.877) 

Ixx,  Kg-m2  ( s lug  - ft 2 ) 

2.  97  (2. 191) 

7. 43  (5. 48) 

Iyy,  Kg-m2  (slug-ft2) 

2.  69  (1.983) 

7. 31  (5.  39) 

Izz,  Kg-m2  (slug-ft4") 

2.99  (2.207) 

7. 31  (5.  39) 

m,  Kg  (slug) 

74.22  (5. 186) 

152.8  (10.47) 

REFERENCES 


4.  2-1  "Pressure  Vessel  Subsonic  Stability  Analysis  Report,"  Hughes 
Aircraft  Co.,  HS507-0022-  142,  Task  No.  PB11,  dated  21  M 
23  March  1973. 

4.2-2  S.  F.  Hoorner,  "Fluid  Dynamic  Drag,"  1965,  pp.  3-7  and  3-8. 


4-90 


1 . i STRUCTURE 


The  structure  of  the  pressure  vessel  module  consists  of  the  following 
major  items: 

1)  The  pressure  vessel's  thin  spherical  metal  shell  constructed  by 
joining  two  hemispheres 

l)  The  main  flange  and  seal  used  to  join  the  shell's  hemispheres 

3)  The  equipment  support  shelves 

4)  The  shelf  support  flanges 

5)  The  pressure  vessel/aeroshell  adapter  assembly 

The  key  design  goal  in  the  selection  of  the  design  concept,  materials, 
thicknesses,  gauges,  and  other  structured  parameters  for  these  items  was 
to  produce  a structural  design  that  would  adequately  sustain,  with  minimum 
weight  and  cost,  the  critical  loads  associated  with  the  Pioneer  Venus  mission. 
The  key  technical  problem  was  the  selection  of  the  buckling  coefficient  or 
knock  down  factor  that  could  be  used  in  the  design  of  the  pressure  vessel  shell. 
(In  thin  spherical  shells  loaded  by  external  pressure,  the  mode  of  failure  is 
buckling  and  the  buckling  pressure  is  always  less  than  the  classical  failure 
pressure  calculated  from  linear  theory.  The  ratio  of  the  actual  to  the  classi- 
cal buckling  pressure  is  defined  as  the  knock  down  factor.) 

During  the  first  half  of  the  Pioneer  Venus  Phase  B,  Systems  Design 
Study,  prior  to  the  midterm  review,  the  Thor /Delta  was  assumed  to  be  the 
launch  vehicle  for  the  spacecraft.  The  boosted  payload  weight  limitations 
of  this  vehicle  required  an  emphasis  on  minimum  weight  design  consistent 
with  reasonable  though  not  necessarily  minimum  cost.  Later,  however,  after 
the  midterm  review,  the  Atlas/Centaur  was  selected  as  the  launch  vehicle. 
With  the  much  higher  payload  weight  capability  of  the  Atlas /Centaur , the 
structural  design  objective  was  shifted  to  one  in  which  the  emphasis  was  on 
minimum  cost  consistent- with  reasonable  but  not  necessarily  minimum  weight. 

For  purposes  of  summary,  the  following  is  a chronological  review  of 
the  evolution  of  the  structural  design  that  is  now  the  Atlas/Centaur  baseline. 
The  tests,  analyses,  and  trade  studies  which  are  mentioned  in  this  summary 
are  described  in  greater  detail  in  the  subsections  which  follow. 

During  the  Thor /Delta  phase  of  the  study,  the  probe  configuration 
utilized  a relatively  thick  thermal  insulation  external  to  the  pressure  vessel, 
shell.  The  resulting  bulk  temperature  of  the  pressure  vessel's  metallic 
shell  was  initially  calculated  to  be  on  the  order  of  93°C  (200°F)  for  both 
probes  at  maximum  Venus  atmospheric  pressure  (near  the  surface).  In  the 
vicinity  of  pressure  vessel  windows,  or  feedthroughs,  the  insulation  was 
necessarily  penetrated  and  interrupted,  resulting  in  local  hot  spots.  The 
local  hot  spot  temperatures  on  the  shell  were  preliminarily  calculated  to  be 
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on  the;  order  of  20I°C’.  (1()0°I''),  Based  on  these  initial  I emporaturo  estimates, 
and  assuming  a buckling  roeffit  j < .•  i > t or  hum  k down  factor  of  0,1,  a trade 
study  was  performed  to  select  flu;  material  that  would  result  in  the  lowest 
weight  pressure  vessel  shell  consistent  with  reasonable  cost.  Using  Liu;  results 
of  this  trade  study,  the  shell  material  was  tentatively  chosen  to  be  titanium, 
and  an  unstiffened  or  rnonocoque  construction  was  selected  ior  Ihe  structural 
concept.  This  trade  study  is  described  in  greater  detail  in  a following  sub- 
section. The  selection  of  titanium  was  tentative,  pending  the  results  ol  a 
parallel  effort  in  which  the  chemical  compatibility  of  this  and  other  materials 
with  the  Verms  atmosphere  was  being  examined.  j 


Test  data  then  became  available  which  indicated  that  a buckling  coef- 
ficient in  excess  of  the  0.4  initially  assumed  was  in  fact  achievable  in  pres- 
sure vessel  shells  fabricated  in  titanium  with  the  same  radius-to-thickness 
ratio  and  in  a manner  identical  to  that  selected  for  the  Pioneer  Venus  appli- 
cation. The  test  data  further  substantiated  the  tentative  selection  of  the 
titanium  rnonocoque  design  as  the  least  weight,  reasonable  cost  alternative. 
The  shell  was  subsequently  redesigned  to  a knock  down  factor  of  0.  7. 


A structural  design  study  was  then  performed  on  the  entire  large  and 
small  probe  pressure  vessel  modules.  The  purpose  of  this  study  was  to 
derive,  by  the  methods  of  stress  analysis,  a first  estimate  of  the  detailed 
thickness,  gauges  and  other  structural  parameters,  to  enable  the  pressure 
vessels  to  sustain  the  critical  de;  ign  loads.  Initial  estimates  of  the  struc- 
tural weight  of  the  Thor/Delta  design  were  then  based  on  the  dimensions 
derived  in  this  study.  The  design  details  which  evolved  from  this  study 
resulted  in  a pressure  vessel  module  constructed  entirely  from  titanium 
with  the  exception  of  the  equipment  shelves  which  were  made  from  aluminum 
honeycomb. 

A more  detailed  thermal  analysis  of  the  performance  of  the  insulation 
system  then  became  available.  This  analysis  indicated  that  the  bulk  temper- 
ature of  the  shell  could  be  hotter  than  previously  predicted  (about  204  C 
[400  F])  and  that  significant  temperature  gradients,  other  than  those  pro- 
duced by  penetrations,  would  be  present  in  the  shell.  A structural  analysis 
was  then  performed  to  determine  the  affect,  of  these  temperatures  and 
gradients  on  the  pressure  vessel's  design.  The  results  of  this  analysis 
indicated  the  need  for  a lower  knock  down  factor  and  the  predicted  weight 
of  the  pressure  vessel  shell  was  thus  increased.  However,  titanium  contin- 
ued to  be  the  material  that  resulted  in  che  lowest  weight  design.  This  was 
the  status  of  the  Thor/Delta  based  structural  design  when  the  decision  to 
change  to  the  Atlas/Centaur  launch  vehicle  was  made. 

At  the  same  time,  material  studies  were  indicating  that  titanium  may 
be  chemically  incompatible  with  the  Venus  environment.  In  fact,  the  data 
indicated  that:  oxide  free  titanium  would  probably  ignite  spontaneously  and 
burn  at  the  CO^  pressure/temperature  combinations  of  the  Venus  atmosphere. 
Further,  various  acids  that  will  quickly  remove  oxides  from  titanium  are 
thought  to  be  present  in  the  Venusian  atmosphere.  In  view  of  this  data,  the 
risk  associated  with  the  use  of  titanium  as  a primary  structural  material  in 
the  Venus  atmosphere  was  considered  excessive,  even  with  a protective  coating, 
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and  ilu?  use  of  this  material  was  abandoned.  As  a substitute  material 
for  titanium,  marnging  steel  was  selected  with  17-4  PII  stainless  steel 
as  an  alternate.  The  selected  steel  has  no  known  incompatibility  will)  the 
Venus  environment,  it  is  relatively  inexpensive,  readily  available,  and 
Hughes  has  had  extensive  experience  with  it.  It  has  good  m.ichinahilily , 
workability,  and  weldability.  In  the  structural  design  that  existed  at  the 
midterm  review,  the  substitution  of  steel  for  titanium  was  found  to  pro- 
duce an  increase  in  structural  weight  of  approximately  33  percent  in 
both  pressure  vessel  modules.  The  weight  of  the  structure  in  the  titanium 
pressure  vessel  modules  at  that  time  was  2 3.6  kg  (62  lb)  in  the  large 
probe  and  6.82  kg  (16.05  lb)  in  the  small  probe. 

In  addition  to  the  selection  ol  steel  as  the  primary  structure,  other 
significant,  changes  in  the  structure  occurcd  as  a result  of  configuration 
changes,  load  changes,  and  design  philosophy  changes  due  to  the  Atlas/ 

Centaur  decision.  Principal  among  these  changes  was  an  increase  in  the 
diameter  of  the  pressure  vessel  to  accommodate  increased  equipment  volume, 
an  increase  in  the  Venus  entry  deceleration  loads  caused  by  increased  entry 
velocities  associated  with  the  1978  mission,  and  the  selection  of  a more 
conservative  knock  down  factor  of  0.4.  This  necessitated  gauge  and  thick- 
ness increases  from  those  calculated  in  the  Thor /Delta  structural  design  study, 
which  resulted  in  further  increases  in  the  structural  weight.  Table  4.3-1 
is  a summary  of  the  changes  in  the  structural  weight  that  resulted  from  the 
change  to  steel  followed  by  the  change  to  Atlas/Centaur. 

The  final  change  to  the  Atlas /Centaur  baseline  structure  resulted 
from  a trade  study  comparing  an  internally  insulated  pressure  vessel  with 
the  externally  insulated  configuration  which  was  the  then  current  baseline. 

The  trade  study  concluded  that  the  internally  insulated  design  would  result 
in  a small  weight  penalty  but  a significant  cost  savings.  The  lower  cost 
internally  insulated  design  was  thus  adopted.  Prom  a structural  standpoint 
only,  the  major  impact  of  the  internally  insulated  design  was  to  permit  the 
temperature  of  the  pressure  vessel  shell  to  essentially  reach  the  ambient 
temperature  of  the  Venus  atmosphere  at  each  altitude  which  results  in  a 
maximum  shell  temperature  near  the  surface  of  about  4 83  C (900  F).  To 
provide  for  the  degradation  in  strength  and  stiffness  properties  that  occur 
at  this  temperature,  increases  in  skin  gauges  and  thicknesses,  and  thus, 
the  structural  weights  were  required.  In  addition,  some,  structure  was  added 
and  some  deleted  in  this  design.  The  added  structure  includes  an  external 
aerodynamic  fairing  to  provide  a smooth  surface  over  the  wind/altitude 
radar  antenna  (on  the  large  pressure  vessel  only)  and  an  internal  insulation 
retainer.  The  deleted  structure  includes  the  external  insulation  retainer  and 
on  the  small  pressure  vessel  module  only,  the  aeroshell  adapter.  In  addition, 
the  pressure  vessels  were  increased  in  diameter  to  provide  volume  for  the 
internal  insulation.  All  of  these  changes  contributed  to  the  net  change  in  the 
total  structural  weight  of  each  pressure  vessel  module. 

Table  4.3-2  summarizes  the  combined  effect  on  structural  weight  of 
all  changes  due  solely  to  the  adoption  of  the  internal  insulation  design  which 
is  the  current  Atlas /Centaur  baseline. 


I ABU?  4.  *-1.  CJI1K)NOLOC,K:aL  CUANr.KS  IN  : >R  fvSSUK  K VKSSFL 
MODULF  S 1 KUCl  URAL  MASS,  FX  I KUNA  LI  .Y 
INSULA  J K 1)  CONFIGUKA  l ION 


Thor /Delta 

Atlas/Centaur 

Midterm 

Post  Midterm 

Cur  rent 

Titanium 
kg  (U>) 

Steel 
kg  (lb) 

Steel 
kg  (lb) 

Large  probe 

23. 6 

31 . 5 

61. 7 

(52) 

(69.4) 

(1 J6. 04) 

Small  probe 

6.  82 

9.2 

14.6 

(15) 

(20.3) 

(32.23) 

4 : 

< ' 

I 

1= 


The  pressure  vessel  module  structure  consists  of:  Pressure  vessel  shell. 

Flanges, 

Equipment  shelves, 
Aeroshell  adapter, 
External  insulation 
retainer. 


TABLE  4.  3-2.  CHANGES  IN  MASS  OF  PRESSURE  VESSEL  MODULE 
STRUCTURE  DUE  TO  ADOPTION  OF  INTERNALLY 
INSULATED  DESIGN 


Mass  of  Structure  Only 

Atlas /Centaur 

Steel  design 

External  Insulation 
Configuration, 
kg  (lb) 

Baseline  Internal 
Insulation  Configuration, 
kg  (lb) 

Large  probe 

61.7  (136. 04) 

74. 6 (164.  75) 

Small  probe 

14.  6 (32. 2.3) 

16.  2 (35. 64) 
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I’ll.-  prossuri1  vessel  stria  •turn  for  l.olli  the  ] <t  !•>•*?  and  small  probes 
serves  the  general  luialion  of  physically  suppo rting  the  science  experiments 
and  subsystems  in  an  integral  package  with  an  appropriate  shape  and  volume, 
while  simultaneous. y prolei  ting  the  contents  trnm  the  pressure  extremes  ol 
the  space  envi  rontii  mt  and  the  Venusian  atmosplie;  e. 

The  pressure  vessel  structure  must  he  t apahle  ol  sustaining  without 
failure,  the  static  and  dynamic  loads  associated  with  rocket  c-n^ine  boost,  the 
space  environment  and  entry  and  descent  through  the  Venusian  atmosphere. 

It  must  further  p *ovide  internal  mounting  surfaces  and  supports  for  the.  con- 
tained equipment.  These  must  have  sufficient  rigidity  to  minimi:*.?  the 
response  of  the  contents  to  the  structural  loads  imposed  by  cacti  evc-nt  con- 
tained within  the  mission  requirements.  In  addition,  electrical,  mechanical, 
and  optical  penetrations  must  be  provided  in  the  pressure  vessel  for  the 
science  instruments,  and  such  penetrations  must  not  compromise  the  struc- 
tural integrity  of  the  pressure  vessel  or  its  intended  function. 

The  most  critical  structural  loads  for  the  pressure  vessel  as  well  as 
for  its  villas,  flanges,  equipment  shelves  and  penetrations  are  those  which 
occur  during  entry  and  descent  in  the  Venusian  atmosphere.  Loading  condi- 
tions, which  occur  during  boost  ascent  and  space  flight,  are  essentially  nori- 
critical  for  most  items  of  the  structure,  but  they  do  design  some  portions  of 
the  adapter  cone  which  is  the  interface  structure  between  the  probe  pressure 
vessel  and  the  aeroshell. 

A summary  of  all  significant  loading  conditions  from  which  the  critical 
load  cases  were  taken  foi  use  in  the  preliminary  design  analysis  is  given  in 
Table  4.  3-3. 

To  assure  adequate  structural  reliability  with  a minimum  impact  on 
the  structural  weight,  the  pressure  vessel  structure  is  designed  to  be 
capable  of  withstanding  ultimate  loads  1.25  times  greater  than  the  maximum 
anticipated  loads  (limit  loads)  during  Venus  entry  and  descent.  A factor  of 
1.5  is  used  on  all  other  loads.  These  factors  are  not  applied  to  the  pre- 
dicted temperatures. 

It  is  also  necessary  to  assure  the  absence  of  permanent  structural 
deformations  after  loading.  Such  deformations,  if  permitted,  could  have  a 
detrimental  effect  on  the  alignment  of  instruments.  The  absence  of  such 
deformations  will  be  assured  by  designing  so  that  the  yield  strength  of  all 
elements  are  not  exceeded  at  limit  load. 

Tests,  Analysis  and  Trade  Studios 
Pressure  Shell  Trades 

During  the  Thor/Delta  pha.te  of  the  program,  a trade  study  was  per- 
formed for  the  purpose  of  selecting  the  optimum  design  for  the  pressure 
vessel  structure.  The  results  of  this  trade  study  indicated  that,  the  least 
weight  design  tor  both  the  large  and  small  pressure  vessels  was  a mono* 
coque  construction  of  titanium.  Oti  the  basis  of  least  weight  only,  the 
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TABLE  4.  3-  3.  DESIGN  I'D  LIMA  II’  LOADS  (LIMN  LOAD  X SAFE  I Y FACTOR) 


Load 

Sowr.r 

1 ,oading 
Condition 

Large  Probe 

Small  Pro!)*- 

Axial  Lateral 

Axial  Lateral 

I ho r/Delta  or 
j Atla  s /Centau  r 

Maximum  axiai 
arveli  ration,  g 

17 D 21.  ()  1 /!)  1.  13 

A/C  10  A/C  0 

l/D  25.0  l/D  0 

A/C  40.0  A/C  0 

! boostt1  r 

i 

O :a.;i  - static 
and 

dynamic 

Maximum  lateral 
acceleration,  g 

17.)  0 T/D  H.  2 

A/C  0 A/C  8.0 

l/D  0 A/C  ICS 

A/C  0 A/C  3 2.0 

Other  combined 
accelerations,  g 

I/D  4.33  T/D  8.2 

1 /!)  4.  34  1 ,'D  7.  r 

l/D  21.0  i ,'D  1 ,5 

i 

Yen::s 

env:  comment 
l 

Maximum  entry 
dec « location 

l/D  -'23.0  17  D 3 1.23 

A/C  -7  13  A/3  3 1.23 

l/D  -700.0  l /D  si.  23  j 

A/C  -743.  0 A/C  3 1.2' 

1 

- 1 

Maximum  descent 
pressu  re(external) 
X/cm^  (psi) 

1200  ( 1740) 

t 

1200  ( 1740) 

1 

I 

vi  J 

At  each  cond 

Positive  axia 
result  in  loai 

Lateral  acre 

I 

ition,  lateral  and  axial  loads  shown  arc-  applied  simultaneously 

1 accelerations  result  in  loads  away  from  aeroshell;  negative  axial  accelerations 
Is  toward  the  aeroshell 

lerations  can  be  it.  any  lateral  direction 

Xote:  Loads  art-  given  in  g's.  One  g 9.  807  N/kg 

Thor/Delta  loads  are  taken  from  Reference  4.  3-1 
Atlas/Centaur  loads  are  taken  from  Reference  4.3-18 
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ninnc  c up  designs  wi'iv  in-  »•  y 1 1 i 1 1 : 1 1 inoiiix  < ><  1 1 1 « * hi-i  iimiI,  aluminum  third  . 1 1 ><  1 
j~  t < > < ' 1 last.  t'sinu  the  result  s id  this  study,  1 it  •itiimii  was  iliuscii  .is  the 
pressure  vessel  mute  rial  lor  tlie  Thor/Dolta  design. 


1'hc  results  of  this  study,  so  far  .<s  rank  orderiup  of  the  materials  hy 
le.isl  weiphl  is  concerned,  .ire  e<|ually  applicable  to  the  Alias /Centaur  dosipn. 
llovvi'U'i',  titanium,  (lu>  li phtc rt  choice,  was  eliminated  because  recent  studies 
indicated  a i hemical  incompatibility  with  the  Venus  environment.  The  runner 
up,  beryllium,  was  eliminated  because  o its  hipli  cost.  The  next  lightest, 
aluminum,  was  eliminated  when  a decision  to  use  a hot  wall  design  (no 
external  insulation)  was  marie  and  its  usable  temperature  ranpc  was  exceeded. 
This  loti  steel  as  Iho  nest  lightest  material,  and  steel  was  ultimately  chosen 
for  the  Atlas/Centaur  design. 


Selection  ot  Ducklinp  Coefficient 


This  analysis  led  to  the  selection  of  the  optimum  drsipn  for  the  Thor/ 
Delta  spherical  pressure  vessels.  For  a spherical  shell  under  external 
pressure,  two  possible  modes  of  failure  exist  ; but  klinp  and  material  yield 
or  rupture.  For  each  material  considered,  the  minimum  shell  thickness 
required  to  prevent  each  of  these  modes  of  failure  was  found,  lisinp  the 
maximum  of  these  two  thicknesses  (the  one  to  prevent  bucklinp  or  the  one  to 
prevent  material  failure),  the  weight  of  the  shell  in  that  material  and  thick- 
ness was  calculated.  The  resulting  weights  for  all  of  the  candidate  materials 
were  then  compared.  The  critical  bucklinp  pressure  P , for  a spherical 
shell  is  pi ven  by  (Reference  1.  5-2): 


wile  re 


F 

i 


compress i ve  modulus  of  elasticity  of  material, 


N /cnT  (psi) 


t shell  thickness,  cm  (in.) 


R - sliell  radius,  cm  (in.) 
p Poisson's  ratio  of  material 

K - experimental  bucklinp  coefficient  or  knock  down  factor 

For  steel,  aluminum,  titanium,  and  mapnesium,  Poisson's  ratio,  p,  is 
approximately  equal  to  0.  J;  for  beryllium,  p 0.02^.  Fquation  1 then 
reduces  to 


P 1.21  K K 
<•  r c 
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rAHI.i:  4.  3~  llilCKNKSh  K)  PREVENT  BUCKLING 


Materia  1 

Thickness,  cm  (in.  ) 

I ,a  rge  Probe 
R 27.  9 cm  ( 1 1 in.  ) 

Small  Probe 
R - 13.  88  cm  ((>.  28  in.  ) 

Titanium 

Steel 

Aluminum 
Magnesium 
Be  ryllium 

0.  3 12  (0.  12  3) 
0.  23  1 (0.  09  1) 
0.  419  (0.  lb 5) 
0.  33  1 (0.  209) 
0.  19  3 (0.  07 0) 

0.  177  (0.  070 
0.  132  (0.  052) 
0.  22t>  (0.  089) 
0.  302  (0.  119) 
0.  109  (0.  043) 

TABLE  4.3-3.  THICKNESS  TO  PREVENT  YIELD 


Compressive  Yield 
Allowable  at  2 04°C 
N/cm‘  (psi) 

Thickness 

cm  (in.  ) 

Mate  rial 

Large  Probe 

Small  Probe 

Titanium 
iiAL  4V 

67,  000  (97,  000) 

. 

0.248  (0.098 

0.  142  (0.  056) 

Steel 
17-7  (PIT) 

99,  300  ( 144,  COO) 

0.167  (0.066) 

0.  096  (0.  038) 

Aluminum 

7075-T6 

26,  200  (3.3,  000) 

0.  640  (0.  252) 

c 

o 
*— « 

Magnesium 
/.  K 6 0 A 

8,  000  ( 1 1,  600) 

2.09  (0.8  25) 

1.  19  (0.  470) 

Be  ryllium 
(hot  nvesaed 
block) 

17,  600  (25,  500)  : 

0.952  (0.  375) 

0.  540  (0.  213) 

Taken  from  the  res  nits  of  the  room  temperature  tests  of  Reference  4.  $-3,* 
and  adjusted  to  2040  (400"  F)  using  data  from  Reference  4.  3-4. 
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tor  lominun  .st; nu  tural  material  or 


c r 


1.15  K K 


lor  beryllium. 

Setting  P . 1200  N/cm  (17-10  psi),  the  design  pressure,  the  mini- 

mum thickness  required  to  sustain  this  pressure  without  buckling  is  computed 
from  either  of  the  two  preceding  equations  as  appropriate. 


A knock  down  factor  of  K = 0.  7 is  used  as  a result  of  pressure  vessel 
tests  which  are  described  and  evaluated  in  Reference  4.3-3.  Results  from 
the  pressure  vessel  tests  described  and  evaluated  in  Reference  4.3-3  indicate 
that  carefully  manufactured  titanium  pressure  vessels  buckle  at  pressures 
which  are  7S  percent  of  the  theoretically  predicted  values  (K  = 0.  78).  In 
view  of  these  test  results,  the  recommended  knock  down  factor  of  0.  15  given 
in  Reference  4.3-2  does  not  appear  to  be  reasonable  f ■ the  pressure  vessel 
design.  The  knock  down  factor  K - 0.  15  of  Reference  4.  -2  is  based  on  a 
compilation  of  all  available  test  results  including  very  thin  shells  (large  r/t) 
and  shells  with  large  imperfections.  Since  the  proposed  Pioneer  Venus 
shells  will  be  manufactured  in  a manner  similar  to  that  used  for  the  test 
specimens,  a K - 0.  7 was  chosen  for  preliminary  design  purposes.  E is 
selected  for  each  material  at  the  bulk  temperatures  of  93  C (200°F).  In  this 
manner,  the  minimum  thickness  required  to  prevent  buckling  is  given  in 
Table  4.  3-4. 

The  maximum  compressive  stress,  crc,  in  a spherical  shell  subjected  to 
externa!  pressure  is  given  by  the  membrane  equation: 

P R 
c r 


Setting  P(.  j.  equal  to  flu  design  pressure  of  1200  N/cm  (1740  psi)  and 
setting  ot  , equal  to  the  yield  allowable  for  the  material  at  the  design 
temperature,  the  minimum  thickness  required  to  prevent  yielding  is  shown 
in  Table  1.  3-5.  For  each  design  in  contention,  the  resulting  weight  of  the 
shell  alone,  based  on  the  maximum  required  thickness,  is  shown  in 
Table  4.  3-n. 

A titanium  waffle  stiffened  design  was  also  considered.  The  optimum 
configuration  relative  to  rib  size  and  spacing  and  shell  thickness  was  derived 
using  tlx  method  and  equations  of  Reference  1.  5-5.  A hemispherical  shell, 
built  to  this  configuration,  was  tested  as  part  of  Task  PB-28.  The  results 
of  the  tests  indicated  that  the  appropriate  knock  down  factor  to  use  with  such 
a design  is  on  the  order  of  0.1,  7'hjt  is,  such  a rlesign  is  equivalent  to  an  nri- 
stifiened  momit  oque  shell  of  trie  same  weight  with  a knock  down  factor  of  0.  t. 
Therefore,  it  was  concluded  that  a rib  stiffened  design  was  not  weight 
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1’ ABLE  4.  3-6.  FINAL  SHELL  MASS  COMPARISONS 


Design 

F ailure 
Mode 

Maximum  Required 
Shell  Thickness, 
cm  (in) 

Shell  Weight, 
kg  (lb) 

Large 

Probe 

Small 

Probe 

Large 

Probe 

Small 

Probe 

Titanium 

Monocoque 

R = 27.9  (11.0) 
large  probe 
R = 15.  88  (6.25) 
small  probe 

Buckling 
(K  = 0. 7) 

0.  312 
(0. 123) 

0.  177 
(0. 070) 

13.  83 
(30.5) 

2.  58 
(5.7) 

Aluminum 

monocoque 

Yielding 

0.  640 
(0.252) 

0.  363 
(0. 143) 

17.  38 
(38.3) 

3.  18 
(7.0) 

Beryllium 

monocoque 

Yielding 

0.953 
(0. 375) 

0.  541 
(0.213) 

17.  05 
(37.6) 

3.  12 
(3.9) 

Steel 

monocoque 

Buckling 

0.  231 
(0. 091) 

0.  132 
(0. 052) 

18.  8 
(41.5) 

3. 44 
(7.6) 

Magnesium 

monocoque 

Yielding 

2.  09 
(0. 825) 

1.19 
(0. 470) 

-,c.  4 
(78. 0) 

6.  5 
(14.4) 

competitive  with  monocoque  shells  exhibiting  knock  riovu  factors  on  the 
order  of  0.  7.  Rib  stiffened  designs  would  also  tend  to  be  an  order  of  magni- 
tude more  costly. 

From  the  results  of  the  tradeoff  procedure  described,  which  are 
shown  in  Table  4.3-6,  the  choice  of  a titanium  monocoque  design  was  made 
for  the  Thor/Delta  version. 
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Structural  Sizing  of  th<»  Thor/ Delta  Pressure  Vos.’cl  Module. 
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After  the  selection  of  titanium  6AL-4V  as  the  optimum  pressure 
vessel  material,  a relatively  detailed  structural  design  analysis  of  the  large 
and  small  probe  pressure  vessel  modules  was  performed  (Reference  4.3-6). 
The  purpose  of  the  study  was  to  derive  by  the  methods  of  stress  analysis  a 
first  estimate  of  the  required  thicknesses,  gauges,  and  other  structural 
parameters  to  enable  these  structures  to  adequately  sustain  with  minimum 
weight  and  cost,  the  critical  loads  associated  with  the  Pioneer  Venus  mission. 
Initial  estimates  of  the  structural  weight  were  then  based  on  the  dimensions 
derived  in  this  study.  In  addition  to  the  structural  sizing  of  the  main  pres- 
sure vessel  shell  itself,  the  study  included  analysis  leading  to  the  first 
estimate  of  sizing  requirements  for: 

1)  The  internal  equipment  shelves 

2)  The  shelf  support  flanges 

3)  The  main  flange  and  pressure  seal 

4)  The  probe  to  aeroshell  adapter  assembly 

Although  the  stress  analysis  presented  in  Reference  4.3-6  is  relatively 
detailed,  the  analysis  did  not  treat  every  conceivable  structural  failure  mode 
but  rather  was  limited  to  those  failure  modes  which  on  the  basis  of  engineer- 
ing judgement  and  experience  were  considered  most  likely  to  have  an  appre- 
ciable affect  upon  the  design,  the  sizing  of  the  structure  and,  hence,  its 
weight.  For  example,  fatigue  as  a potential  failure  mode  was  not  investigated. 
The  engineering  judgement  which  led  to  this  omission  was  based  on  the  follow- 
ing reasoning.  The  maximum  inertial  loading  condition  for  these  structures 
occurs  during  deceleration  and  is  of  the  order  of  625  g ultimate  for  the  small 
probe.  These  loads  are  essentially  static  or  nonrepetitive  and,  hence,  not 
part  of  a fatigue  environment.  In  future  structural  analysis,  however,  fatigue 
will  be  evaluated  in  detail  as  will  other  failure  mode  considerations  that  have 
been  omitted  to  date. 

At  the  time  of  the  analysis,  the  design  of  the  probe  pressure  vessels 
was  based  on  the  use  of  an  external  insulation  which  strongly  limited  the 
pressure  vessel  shell  temperatures  and  temperature  gradients.  However, 
parametric  curves  were  derived  and  presented  in  Reference  4.3-6  which 
show  the  effect  that  more  severe  temperature  levels  and  gradients  would 
have  on  the  required  pressure  vessel  wall  thickness  and  thus,  on  its  weight. 
These  c urves  were  used  for  probe  weight  trade  studies  in  which  the  total 
weight  of  internally  and  externally  insulated  designs  were  compared. 

All  material  strength  allowables  used  in  the  study  were  "A”  value 
statistical  miuimums  as  defined  in  and  taken  from  the  MIL-llDTtK-SA 
(Reference  4.3-4).  A few  strength  allowables,  such  as  those  for  the  alumin- 
um honeycomb  core,  preliminary  choice  for  the  equipment  shelves,  were 
taken  f-om  other  sources.  It)  those  cases,  the  minimum  allowables  were 
chosen  and  then  arbitrarily  reduced  to  account  for  anticipated  scatter. 
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Typically,  the  procedure  followed  in  analyzing  each  structural  element 
was  to  determine  the  most  probable  modes  (often  a judgement  factor)  in  which 
the  element  could  fail,  and  then  for  each  of  these  modes  of  failure  to: 

1)  Determine  the  type  and  direction  of  internal  load  that  would  be 
required  to  produce  this  failure 

• 

2)  Determine  the  most  critical  ultimate  load  condition  or  combina- 
tion of  conditions  from  the  Pioneer  Venus  mission  that  could 
produce  this  type  of  internal  load.  (The  ultimate  loads  include 
an  appropriate  margin  of  safety). 

3)  Determine  the  magnitude  of  the  internal  load  produced  by  the 
external  Pioneer  Venus  load  conditions. 

4)  Determine  the  minimum  thickness  or  gauge  of  the  structural 
element  that  would  be  just  sufficient  to  prevent  the  failure  at 
this  internal  load  magnitude. 

The  minimum  required  thickness  so  derived,  considering  all  failure  modes, 
were  compared  and  the  maximum  selected  as  the  required  size  for  that 
element.  In  many  instances,  because  of  St.  Venant's  principal  or  other 
load  redistribution  effects,  the  thickness  required  in  a region  adjacent  to  a 
point  of  load  transfer  is  much  greater  than  that  which  is  required  a short 
distance  removed  from  the  load  point.  For  some  elements,  this  fact 
enabled  a variable  thickness  design  to  be  evolved  for  minimum  weight.  The 
large  probe  to  aeroshell  adapter  structure  was  sized  for  minimum  weight  in 
this  manner. 

The  effect  of  reinforced  penetrations  on  the  buckling  strength  of  the 
pressure  vessel  shell  was  determined  by  the  tests  of  reference  4.3-3.  These 
tests  also  verified  the  strength  adequacy  of  the  doubler  design  selected  to 
reinforce  the  penetrations.  The  minimum  doubler  thickness  selected  was 
that  which  would  effectively  replace,  locally,  the  material  mass  removed  by 
the  penetration.  Another  design  criteria  chosen  for  the  thickened  area  was 
that  the  neutral  axis  of  the  thickened  cross  section  should  coincide  with  the 
neutral  axis  of  the  adjacent  pressure  shell.  The  tests  indicated  that  penetra- 
tions so  designed  did  not  reduce  the  buckling  pressure  for  the  pressure  vessel 
and  did  not  produce  local  stresses  significantly  higher  than  the  shell  mem- 
brane stresses. 

A summary  of  the  structural  sizing  requirements  for  the  major  struc- 
tural elements  as  derived  in  the  analysis  of  Reference  4.3-6,  is  hown  in  a 
following  subsection . 

Chemical  Incompatibility  of  Titanium  With  tne  Venus  Atmosphere. 

The  following  is  a summary  of  data  which  became  available  after 
titanium  was  chosen  as  the  optimum  structural  material  for  the  large  and 
small  probe  pressure  vessel  modules.  The  data  strongly  indicates  that: 

1)  Titanium  oxides  could  be  removed  from  titanium  surfaces 
by  acids  present  in  the  V'oiius  atmosphere 
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2)  Oxide-free  titanium  will  probably  ignite  spontaneously  and  burnin 
CO  > (til  primary  constituent  ol  the  Venus  atmosphere)  at  the 
pressure/ temperature  i auditions  ol  Venus. 


As  a result  of  this  data,  Grade  250  maraging  steel  was  substituted  for 
titanium  as  the  primary  structural  material  on  the  Atlas /Centaur  probes. 

Evidence  of  the  ignition  and  combustion  of  titanium  components  in  air 
and  oxygen  has  been  extensively  reported  upon  in  the  published  literature. 

It  is  known  that  ignition  is  the  critical  step  in  this  process,  and  that  combus- 
tion requires  far  less  stringent  conditions.  There  is  no  experimental  data 
directly  defining  the  ignition  temperature  of  oxide-free  titanium  surfaces  in 
CO2  environments.  However,  evidence  does  exist  which  suggests  that  the 
behavior  of  oxide-free  titanium  in  CO2  is  significantly  parallel  to  its  behavior 
in  C>2  to  allow  one  to  extrapolate  from  data  available  for  O2. 

This  study  first  assumes  an  ignition  temperature  range  for  oxide- 
free  titanium  in  a CCH  environment  of  1 atm  and  then  approximates,  where 
possible,  the  change  in  this  temperature  when  increased  atmospheric 
pressure,  velocity,  and  stress  conditions  are  considered. 

Ignition  Temperatures  of  Oxide-Covered  Titanium  in  02  and  CO?  at 
1 Atm  Pressure,  Ta  rge  specimens  of  titanium  have  been  shown  to  ignite 
in  the  range  of  1300  to  lt>00°C  (2 '<72 -2912°F),  when  resistance  heated  in 
static  oxygen  environments  (Ilefei'  nee  4.3-7).  Titanium,  when  heated  in 
C.O2  under  similar  conditions,  will  ignite  at  1510°C  (2750°F),  which  is  in  the 
same  temperature  range  (Reference  4.  3-8). 

Ignition  Temperatures  of  Oxide -Cove red  Titanium  in  O?  and  CO2  at 
High  Pressures,  An  inc r e a s e in  oxygen  pressure  to  207-345  lT/cm2'  (305- 
5 00  psi)  will  lower  the  ignition  temperature  of  titanium  to  870-1100°C 
(1 398-2012°F)  (References  4.3-8  and  4.3-9).  Similar  data  is  not  available 
for  titanium  in  CC>2  atmospheres,  but  one  would  expect  similar  decreases 
from  151  0°C. 

Ignition  Temperatures  of  Oxide-Free  Titanium  at  Various  Pressures 
in  02.  Large  shapes  of  oxide-free  titanium  will  ignite  in  oxygen  at  room 
temperature  in  an  atmospheric  pressure  of  241  N/cm^  gage  (330  psig),  and 
at  1200°C.  (2192°F)  at  a pressure  of  34.4  N/cm^  gage  (50  psig)  (Reference 
4.3-10).  This  is  shown  for  other  oxygen  pressure/temperature  combinations 
as  well,  in  solid  curve  of  Figure  4.  3-1.  This  curve  is  based  on  test  data 
reported  upon  in  Reference  4.  3-10.  All  of  the  preceding  test  data  on  the 
combustion  of  titanium  in  oxygen  and  CO^  is  summarized  in  Tabic  4.  i-7. 

Ignition  Temperature  of  Qxido-Frec  Titanium  in  CO2  at  High 
Pressures,  bat  a is  available  only  on  the  effects  of  increasing  oxygen 
pressure  on  the  ignition  of  oxide-free  titanium  surfaces  in  oxygen  environ- 
ments. To  extrapolate  from  this  data,  one  must  assume  a value  for  the 
relative  effectiveness  of  Ct\>  and  O2  as  oxidizing  agents  at  high  pressures. 
Titanium  will  ignite  in  air  in  the  high  end  of  the  same  temperature  range  as 
in  oxygen,  1 jot li  environments  being  at  a pressure  of  1 atm  (Reference  4.  i-7). 
Ignition  temperatures  of  titanium  powder  in  CO,j  are  from  1,0  to  25  percent 
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FIGURE  4.3-1.  PRESSURE/TEMPERATURE  CONDITIONS  FOR  AUTOIGNITION  AND 
COMBUSTION  OF  SOLID  OXIDE-FREE  TITANIUM 
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L'AIU.K  4.  5-7.  SUMMARY  OF  AVAIl.Alil.F  TES  I'  DATA  FOR 
I EMPFRATURE/PRESSURE  CONDITIONS  FOR 
SPONTANEOUS  IGNITION  AND  COM  IUIS  IION 
OT  SOUD  ITJ'ANIUM 


Oxide-Covered 

Oxide- Free 

Test  Gas 

T mope  ratu  re' , 
°C.  (°T) 

P rcssure, 
N/cm“  (psi) 

T en ipe  ratu  re, 
°C  (°F) 

Pressure, 
N / cm“  (psi) 

o, 

1300  (2.572)  to 

Room 

Room 

24  1 (550) 

1 e.00  (2912) 

870  (1508) to 
1100  (2012) 

207  to  345 
( 500  to  500) 

1200  (2012) 

34.4  (50) 

CCD 

1510  (2750) 

Room 

(No  Data) 

hi ffher  in  COi  than  in  air  ( Reference  4.  5-11).  To  demonstrate  the  importance 
ot  the  value  for  relative  oxidizing  efficiency,  calculations  have  been  made  for 
assumed  values  of  this  efficiency  of  50  and  20  percent.  Finn  e 4.  . 5-1  shows 
the  pressures  that  would  be  required  for  each,  of  these  efficiencies  to  ignite 
oxide -free  titanium  in  C Q_>  for  a ranee  of  temperatures.  The  solid  curve 
shows  actual  test  data  for  pure  oxygen.  An  efficiency  of  20  percent  for  CC>2 
means  that  file  times  as  much  pressure  is  required  to  ignite  the  titanium 
as  was  required  in  pure  oxygen.  The  50  percent  efficiency  means  twice  as 
much  pressure  is  required.  Note  that  when  these  curves  are  compared  with 
t)  ..  expected  temperature/pressure  conditions  of  CCD  on  Venus,  it  becomes 
up,  a rent  that  oxide-t  ree  titanium  would  be  uuacceptu'ble.  Even  with  an 
assumed  oxidation  etficieney  as  low  as  20  percent,  the  titanium  could  ignite 
at  8 km  Venus  altitude. 

Effect  ot  Other  Factors  on  the  Ignition  Temperature  of  Titanium. 
Effects  of  dynamic  flow  conditions,  created  by 'a  descending  probe,  on  the 
ignition  tcinperauiro,  are  less  documented.  Figure  4.  5-2  (Reference  4.3-10) 
illustrates  the  effects  of  a dynamic  flow  rate  of  oxygen  on  the  total  oxygen 
pressure  necessary  to  ignite  titanium  at  room  temperature.  Specific  flow 
rates  were  not  given.  At  a oO  percent  oxygen  environment,  for  example,  a 
dynamic  llow  "ate  ol  that  environment  lowers  the  oxygen  pressure  necessary 
for  ignition  from  5 58  to  221  N/cni-  gage  (780  to  520  psig),  a reduction  of  5» 
percent.  There  exists  fragmentary  data  that  stress  decreases  the  tempera- 
ture necessary  to  ignite  titanium  in  various  atmosphere's  (Reference  I.  5-12). 
This  stress  can  lie*  either  [ihysic.il,  due  in  increased  atMiosphe ric  pressure', 
or  chemical.  Xe>  data  are  available',  howe've’r  allowing  the  app rosimat ion  of 
this  lae  tor,  A tliirel  eunsiele' ration,  somewhat  related,  is  the  e'lfeu-t  of  corro- 
si\-e>  agents  in  the’  e’nvi ronment . They  might  e*it he* i*  ine  rease  or  decrease  the 
oxidation  rates  ot  t-itunium  in  high  pressure  environments. 
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FIGURE  4.3-2.  EFFECT  OF  DYNAMIC  FLOW  CONDITIONS  ON 
IGNITION  PRESSURE  AT  ROOM  TEMPERATURE  OF  TITANIUM 
IN  VARIOUS  OXYGEN  ATMOSPHERES 
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Removal  of  Titanium  Oxides  in  the  Vi'ims  Atmosphere,  The 
p rot  oiufTtlon  t'o r m i iirrmrc  ol  ignition  and  < omimstinu  of  titanium  in  the 
Venus  temperature-pressure  profiles  is  the  exposure  of  an  oxidr-f ree  snifai  e 
Such  surfaces  have  been  produced  on  titanium  in  Earth  ambient  environments 
by  etching  in  acidic  solutions  or  by  sand  and  vapor  blasting.  Etching  times 
lire  typically  1 to  10  min  in  acid  concentrations  of  5 to  HO  percent,  although 
treatments  less  than  1 min  in  duration  have*  been  used  (References  1.  i-13  and 
1.  i-14).  Times  for  vapor  or  sand  blasting  are  also  a few  minutes  in  duration 
Somc>  typical  etching  conditions  are  given  in  Table'  4.3-8. 

The  environment  of  Venus  is  believed  to  include  clouds  of  the  acids 
used  in  titanium  etchants.  It  is  also  thought  to  include  more  particulate 
matter  moving  at  higher  velocities  than  does  Earth's  atmosphere  (Reference 
1.3-15),  With  such  an  environment,  ignition  and  combustion  of  a titanium 
descent  probe,  with  the  resulting  premature  termination  of  the  mission,  is 
thought  to  be  a very  serious  possibility. 

M e rcury  Embrittlement.  An  additional  incompatibility  problem  with 
Ti-t>Al-4V  is  its  rapid  embrittlement  by  mercury,  a possible  constituent 
of  tiie  envuonment  of  Venus.  At  ambient  and  slightly  elevated  temperatures 
and  in  earthly  ormi ronments , embrittlement  can  occur  ir:  minutes.  A pre- 
condition for  embrittlement  is  the  wetting  of  titanium  with  mercury.  In 
Earth  environments,  wetting  usually  requires  an  oxide-free  surface;  for 
Venusian  environments,  other  surface  conditions  may  be  sufficient  for 
wetting. 

Data  is  not  available  allowing  the  extrapolation  of  failure  times  to 
the  atmospheric  conditions  to  be  experienced  by  the  descent  probe.  It  is 
thought,  though,  that  times  for  embrittlement  may  be  sufficiently  rapid  to 
cause  premature  failure  of  the  titanium  shell.  While  steels  are  also  subject 
to  embrittlement  in  mercury,  rates  of  attack  on  ferrous  alloys  are  much 
slower  than  rates  on  titanium. 

Conclusion.  In  view  of  the  severe  chemical  incompatibility  problems 
with  the  Venus  environment,  it  was  concluded  that  titanium  is  an  unacceptable 
material  for  primary  probe  structure. 

Steel  Selec  tion  Trades. 

With  the  elimination  of  titanium  as  an  acceptable  material  for  the 
pressure  vessel  module  structure,  a suitable  substitute  material  svas 
required.  In  the  pressure  vessel  design  trade  studies  described  in  a 
previous  subsection,  the  lightest  designs  other  than  titanium  were  derived, 
beryllium  results  in  the  next  lightest  design  after  titanium,  with  aluminum 
and  steel  in  that  order.  For  the  Atlas/Ccntaur  design,  beryllium  was 
eliminated  because  of  its  high  cost.  Aluminum  was  also  eliminated  because, 
with  no  external  insulation,  pressure  vessel  wall  temperatures  were  on  the 
order  of  4H3°C  (900nF),  far  beyond  the  structural  capability  of  aluminum. 

A decision  was  made,  therefore,  to  use  steel  as  the  primary  structural 
mate  rial . 
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I'ABLK  4.  3-8.  TYPICAL  ETCHANTS  FOK  1T1ANWM  ALLOYS 

( Based  on  reals) 


Hath 

Temperature 
°c;  <UF) 

n 

Time 

Solution 

Percent 

I IF 

1 ) 

HNO3 

to 

25.  (,  (78) 

30  sec. 

H20 

78  ' 

HzSO.} 

25  } 

h2o 

75 

Hot 

5-10  min. 

h2so4 

3°  t 

h2o 

70 

93.  3 (200) 

9 

HC1 

50  1 

> 

48. 4-79.  5 

5-15  min 

h2o 

50  ’ 

(119-175) 

HNO3 

10  1 

HF 

1 "2  | 

25.  6 (78) 

1-2  min. 

h2o 

88  ' 

A trade  study  considered  he  following  factors  in  evaluating  three 
candidate  steels;  producibiiity,  cost  and  compatibility  with  the  Venus  environ- 
ment. The  three  candidate  steels  considered  were  D6AC,  17-4  PH  and 
maraging  (250  grade).  Producibiiity  factors  were: 

1)  Forming  of  hemispherical  shell  with  mounting  flange 

2)  Machin  ability 

3)  Weldability 

4)  Heat  treatment 

Forming.  Options  for  forming  are  forging,  deep  drawing,  or  spinning. 
Tooling  for  forging  or  deep  d rawing  is  more  costly  than  tooling  for  spinning. 
Oeep  drawing  a part  with  a heavy  flange  or  forging  the  part  will  result  in  a 
heavy  wall  that  will  require  more  machining  than  if  the  part  is  made  by  spin- 
ning. However,  it  may  not  be  possible  to  spin  a hemisphere  with  both  an 
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external  main  Hamm  and  an  internal  equipment  flange.  Therefore  forging 
appear:-,  to  bn  tin*  most  pr.n  t ii  al  met  hod  nl  lnnning  prior  to  nwu  liming,  The 
cost  of  forging  is  aboal  equal  for  all  the  candidate  steels. 

Machining.  The  diifercnces  in  maeiiiu.diil it  ^ of  ullo\  steels,  and 
p recipit  at  ion  It.i  rile  nine,  stainless  steels  are  not  suttii  ient  to  la\or  one 
material.  over  the  other  for  the  low  quantities  involved. 

Welding.  All  n aterials  under  consideration  are  teadily  weldable. 

DoAC  steel  re'qi tires  close  control  over  preheat  and  postheat  which  increases 
the  cost.  It  is  estimated  that  in  the  order  of  increasing  cost  of  welding,  the 
materials  are  rated  as  follows: 

1)  M:i raging  steel  and  17-1  PH  steel 

1)  Do  AC 

Heat  Treatment.  For  an  internally  insulated  pressure  vessel  design, 
the  steels  require  heat  treatment  after  welding  to  develop  the  required 
properties.  The  heat  treatments  to  optimize  mechanical  properties  alter 
welding  are: 

1)  Mu  raging  steel  — age  at  900°F 

i)  17--1  PH  steel  — solution  anneal  at  1900°F,  air  cool,  age  at  lH)0°F. 

1)  DoAC.  steel  — austenitize  at  lt>50°F,  air  quench  (sections  less 
than  1 in.  thick),  temperature  at  1100  F. 

From  the  producihility  standpoint,  the  heat  treatment  of  the  maraging  steel 
has  advantages  over  those  of  the  other  two  steels  in  that  the  part  is  subject 
to  less  distortion  from  the  lower  temperature  heat  treatment.  However, 
since  the  other  two  steels  can  be  air-quenched,  thov  should  not  experience 
severe  distortion. 


The  cost  of  the  raw  materials  for  low  quantities  is  not  \ery  significant 
in  the  overall  cost.  In  order  of  increasing  cost,  those  materials  are  rated 
(1)  DoAC,  (1)  17-1  PH,  (.5)  maraging  steel. 


Conclusions.  In  summary,  relative  ratings  for  the  various  factors-- 

a vc : 


Forming 

i)  Dti  AC,  17- 
1 PII 

M a raging 


Machining 


Welding 


Ileal  Treat 


Approximately  1)  Maraging, 
equivalent  17-1  PH 

nt.AC 


1 ) M araging 

.!)  17-1  PH, 
DoAC 


•:-Ko.  T is  tiie  most  f vorable. 


Kaw  Material 

1)  DoAC 

2)  17-1  PH 
1)  Maraging 
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I •M'I-1'  >.  3-9.  CORHOSIVi:  KNVIRONMMNT.S  OF  MARAOING 
AND  STAINl.KSS  STIC  MLS  ON  MARTH 


Mt'fliui  p 

Stainless  Stool 

Maratting  Steel 

CO, 

No 

No 

1 IC  i 

Yes 

Yes 

H,SO, 

Yes 

Yes 

H,S 

Yes 

Yes 

C.1, 

*- 

Yes 

Yes 

No 

No 

HF 

j 

Yes 

Y cs 

No 

No 

; 

Yes 

Yes 

Hk 

No 

Yes 

f^ci. 

Yes 

Yes 

! NH4Gl 

No 

Yes 

Nil  .SO. 

1 i 5 

No 

Yes 

i s 

Y e s 

Yes 

I 

i 

No 

Yes 

SCI, 

*- 

No 

Yon 

s,ci, 

H,SO(  • 1 UNO  ^ : OH 

Yes 

3 es 

■l-llft 


Without  o'ltailliug  eX.IC't  ids!  c St  i ' II.  >1  e S , it  IS  Hoi  obvious  that  1 her  IT  i s a 
signifii  . i ■ t saving  iii  1 1 1 «*  rise*  ul  one  1 1 > ;•  t. « * !•  i «•  1 over  another.  Based  sulci;  on 
i . a nuiac!  u r i ng  i oi. side  rat  ions,  ma  raging  steel  is  favored. 

Material  (lurmsion  in  the  \ eims  Knvironment.  Ha  rth- bused,  111 
spec!  ru.« i opTe  'iir.is'irnnpril  s"7  aided  by  the  Venera  probe  data,  indic  ate  that 
the  o"\  ironmeot  of  Venus  is  composed  principally  of  CO  > {9s*  • 5 percent), 
with  s::  .ill  amounts  ol  CO,  1 1C i , HF,  Hu,  and  find.  Other  data,  as  well  as 
constituent  interactions,  indicate  the  possibility  of  apprec  iable  amounts  of 

fii.SO),  Xilf,  ('b,  Fl_)  and  further  byproducts.  Due  to  Lack  of 
specific  data,  ail  of  these  products  must  be  assumed  present,  even  if  only 
in  trace  amounts.  The  ability  of  most  of  these  products  to  corrode  both  low 
alloy  and  stainless  steels  at  ambient  pressures  and  a range  of  temperatures 
is  detailed  in  Table  t.  1-9.  The  effects  of  a high  pressure,  high  tempera- 
ture COj  atmosphere  on  the  various  corrosive  interactions  are  unknown. 

Although  marasing  steel  is  somewhat  more  sus<  optiblc  to  corrosion 
than  is  stainless  steel,  the  difference  between  them  is  not  considered  signifi- 
cant for  the  exposure  times  involved  during  Venus  descent.  However,  based 
on  manufacturing  considerations  and  heat  treatment  advantages,  maraging 
steel  was  chosen  as  the  most  appropriate  material.  Due  to  the  corrosive  nature 
of  the  Venus  environment,  ever,  for  short  time  exposures,  a protective  coat- 
ing will  be  considered  for  the  descent  probe  shell.  Commercial  pc  celain 
enamels  are  available  v 1th  low  firing  temperatures;  thickness  as  low  as  1 mil. 
may  be  suitable.  Another  alternative  is  inexpensive,  high  temperature  paints. 
Sperex  YIIT  is  one  possibility.  It  will  withstand  9Sd°C  for  short  periods  of 
time  and  has  a continuous  service  temperature  of  «>50°C.  Its  adhesion  to 
maraging  steel  is  excellent,  and  it  is  resistant  to  thermal  shock,  fuels, 
humidity  and  salt  spray,  ; nr!  most  other  corrosives.  The  paint  is  space 
qualified  and  has  withstood  direct  exposure  to  rocket  plume  impingement. 

It  is  normally  applied  to  a thickness  of  0.005  cm  and  requires  a cure  of 
1 hour  at  I25°C,  which  is  compatible  with  the  heat  treatment  of  maraging 
st  eel . 

Main  Seal  Selec  tion  - Atlas /(lentaur 

During  the  pressure  vessel  tests  described  in  reference  1.5- 5,  some* 
experimental  data  was  obtained  on  various  methods  of  providing  a pressure 
seal  in  the  main  assembly  flange.  It  .vas  found  that  solid  elastomer  O rings 
a re  simple,  reusable  and  very  efleciive  in  providing  a pertei  t seal  under 
high  external  pleasures  comparable  to  Venus  surface  pressure  also,  they  do 
not  require  tight,  tolerance  glands.  However  suc  h O rings  have  limited  temp- 
er.dure  capability  and  could  therefore  only  i»e  considered  for  an  externally 
insulated  pressure'  vessel  design.  For  uppl  ieation  with  elevated  temperatures 
equal  to  Venus  surfac  e'  conditions,  metal  seals  are  required.  In  the  tests 
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I 'u  lili'i  ti\  i i>\  ini 

tin1  i'i ii.il  M res si's  nr 

Sll.lped  e ros.1  SIT  I loll 
itt  linn  oi  tlm  1*. i s.;l)i'sl 
n i.i i n . ii i \ <i ni.iui'  of  | hi s 
preload,  pi- iTiiilliiM.'.  the 
rows.  Till'  liiuli  strength 
‘>asi’  I'U't.i!  oi  this  I'inc  is  routed  w i ( 1 1 a soil  metal  sealing  material 

(siu  h as  silver).  When  si|iu  I'/oi  helwoon  I ho  ll.it  sulTaios  oi  (ho  eland, 

(ho  soil  metal  i .'atine  material  is  liii\  oil  into  tho  matin-  suriai  r fntteli- 
noss  hlorki:-.-  all  potential  loah  paths.  Om  o initiatod,  tho  intimalo 
onnlaol  is  niai nt a ini'd  1 »\  (ho  soals  resil  iuneo  and  tho  -as  pressure  wliieli 
loiuis  to  sp  i'i', id  tho  \ and  . ompons.ilo  inr  relative  motions.  Siu  h a soal 
is  1 1 o t ont  it  1 i\  o i hoi i c tor  tho  At l a s / 1 . o nt a ti r il i" s i - n . A1 1 hou eh  iiit  o ml  ed 
!o  soal  onh  aeainst  hi  eh  pressure  I roi'i  tho  opon  i-r.d  oi  tho  V , low  pros- 
s u : o soal  lapanilit',  in  tho  opposito  oiroitioi.  is  also  aehiovoti.  Should 
this  low  pro  s SUIT’  i apa  ' >i i it  \ ‘.to  in.ntf '.|uatc  mr  thi’  i a t ill  os  pho  i'i'  oi 
internal  prossuro  durine  th.o  transit  sta.ee  irom  earth  to  Venus,  an 
X shaped  seal  (or  ‘>aek  to  :>ars  \ seals)  ran  ho  employed,  or  the  pres- 
sure v essel  i an  he  eval  uated  to  a lower  prossuro  of  I psi  ( d . t N/em**) 

prior  to  1 anno  h . 


Si  rm  t u ral  Si/  i 


At  1 .i  s ( e nt  a i 


I he  retpii  red  thi.  kitesses  u>r  some  items  on  the  Atlas,'  idoiituur 
i.tseiine  desien  were  e al  i ill.it  oil  hi  siirpli  r.dioiiit.  I lie  Thor  IVIta  results 
up  or  ilowi;  as  ueiessarv  to  .nrouat  inf  dilleremos  in  si/e.  loads, 
material  or  otho*-  pai'.ii  .elers  net  vv  eon  the  At  1 a s / 1 lout  an  r and  the  Tlior/ 
Oelta.  I lie  met  od  In  whieh  this  was  done  is  res,  lii.e.l  in  a previous 
siihsei  lion.  However,  this  t it  h'liijue  is  ouli  appli.  ..  do  to  those  elements 
on  the  Atlas/r.entaiir  wl'.i.i;  have  identii.  all',  the  same  . ont'i-u  ration  as 
the  i orrespon.linu  element  in  tile  rhur/Dolta  denim.  The  elements  in 
ihis  i .ltrgnry  im  hide  the  pressure  vessel  shell,  the  main  cireumferential 
il.mee,  the  shell  support  llan-o,  and  the  ..dapter  rine.  The  upper  and 
I ow  e f ei|oi  pi  i lent  support  shell  and  shell  attnrhme'.l  .•truituie  on  thi' 

A.  las,  t. out  a u r are  oi  an  enlirelv  liiliereul  ooui  ii.iiratiou  than  tile  rorres* 
pondinc  rlrmrnts  on  the  Tho  r/ Hell  a . Therefore,  an  original  desim 
an. 1 1 1 si  s was  per  innnl  on  these  At  las /tlenl.iu  r items  to  delormiuo  the 
iTT|u;rid  siruitui.il  s i te_ . 


1-11. 


TluTHt.il  reqiii  rement  s dictate  Thai  both  tin  upper  ami  lower  shell  on 
i!it>  .VI.  .<  / 1 Tmu  an  r lio  i tins  I rue t ml  I i'iiim  solid  aluminum  situ*'  llmsf  shelves 
a.  t as  a boat  sink  mass  lor  the  fipiipmfiit  they  supp  .rt.  (On  the  e\t  e rna  1 1 y 
i u s til  at  i't ' Thor/IVIta  ilesipn,  these  shelves  were  i oust  meted  I'rom  aluminum 
honeycomb).  To  prevent  hf.it  conduct  ance  to  the  upper  shelf  from  tin*  hot 
stffl  piTssui'"  \fssfl  shell  wall,  thf  slu'll'  is  not  uttuiiifi!  to  tin1  shfll  (as  is 
thf  case  in  thf  Thor/Pelta  design).  Instead,  it  is  suppo rt • 'll  on  li  thin  titan- 
ium folumus  or  striiiffrs,  which  itro,  in  turn,  supportfil  by  a titanium  low  or 
shflt  support  rinfj,  which  also  supports  thf  aluminum  lower  shflt.  Thf 
titanium  lowor  shflt  support  rinc  is  taslfufil  to  a pressure  vossrl  flange  by 
thf  rm.il  isolators.  A ski'tfh  of  this  arrangement  is  shown  in  Figure  -1-3-3A. 
The  following  suhsfftion  is  a do  so  ription  of  thf  design  analysis  of  these 
shflt’  iti'ms  on  thf  Ailas/Cle ntaur  husflinf. 

Large  Probe 

l-ppi'f  Shelf.  Thf  rnul  considerations  dictated  that  thf  upper  shflt  on 
the  Atlas  / Of  nt  au  r la  r go  prohf  ho  const  ruftfd  from  a solid  aluminum  platf. 
This  platf  arts  as  a hf.it  sink  mass  in  addition  to  supporting  its  equipment 
as  a shelf.  Th.f  total  mass  of  equipment  and  uppor  sliflf  whifh  must  hf 
suppo rti'd  is: 


Kquipment  1.1.  vl  kg  (J.T.J'lh) 

Ki’quirt'il  shflfthfrm.il  mass  li.lh  kg  (J'*.t'  lb) 

Total  - .IV  1 kg  (uo.J  lh) 

Ihiring  thf  i ritic.il  loading  fondition  of  Vfiuts  entry,  i hf  dfi'oli' ration  factor 
of  I i o produces  a total  vertical  tori’f  of  17'*,tHH'  N (I0,lllh)  lh).  Pue  ti) 
hr  fflutividy  uniform  distrihut  ion  of  the- equipment  on  thf  top  sliflf,  if  is 
I'f.isonalilf  ti>  assumf  that  thf  infftia  fin  rr  on  tlu*  shelf  is  also  nniformly 
distributed.  Mused  on  thf  ilimt'nsimis  from  tlu*  sketch  of  Figure  I.  i- i,  thf 
dislrihutfd  force  is 

W,  -l-  — ! — — ">S.  S N/em“  (HS  psi) 

oil.1 


To  pro\  iilf  adi-quiitf  hf.it  sink  mass,  the  weight  of  tin'  sliflf  must  hf  1 >,  la  kg 
(.’'•  lh).  This  requires  a minimum  shelf  thickness  in  aluminum  of  I I,  he  cm 
(a.t'.l  in).  The  maximum  bending  stress  in  the  shelf,  assuming  that  it  is 
supported  at  the  edges,  wriit’s  al  the  renter  and  lor  the  above  thickness  is 
I on  nd  to  he  ( r ft  e rone  e n ) 


Minimum  reqwTreil  for  "Tie.it  sink 


el’foet . 
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bl  SMALL  PROBE 

FIGURE  4.3-3.  PRESSURE  VESSEL  STRUCTURE  bl  SMALL  PROBE 
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in>xs*t  -L9T0E 


I 


0.  375  Wf  (3  +m) 


where 


t4- 


Pois son's  ratio 
(0.33  for  aluminum) 


28,  570  N/cm  (41,436  psi) 


Since  this  is  iess  than  the  tensile  yield  allowable  lor  numerous  structural 
aluminum  alloys,  the  minimum  thickness  required  for  thermal  considerations 
is  adequate  for  strength. 


Upper  Shelf  Support  Columns.  Twelve  titanium  upper  shelf  support 


columns  transmit  the  loads  on  the  upper  shelf  to  the  lower  shelf  support 
flange.  These  columns  are  in  the  shape  of  hat  sections.  Dividing  the  total 
load  on  the  upper  shelf  among  the  12  stringers  and  assuming  some  additional 
inertia  force  from  the  upper  shelf  attach  ring,  the  total  load  per  stringer  is 


16, 600  N (3735  lb) 


Using  assumed  dimensions  of  the  stringer  as  shown  in  Figure  4.3-3,  the 
allowable  load  to  prevent  local  crippling  of  each  titanium  stringer  was  found 
to  be 


AL 


63,  000  N (14,200  lb) 


This  was  calculated  using  conventional  stress  analysis  techniques.  Since 


PAL  > ^S’  assumed  dimensions  are  more  than  sufficient  to  prevent 


local  crippling  as  a mode  of  failure.  Next,  the  mode  of  failure  of  overall 
column  buckling  was  checked  (Euler  Buckling).  Using  conventional  methods, 
the  load  to  induce  the  failure  was  found  to  be 


AJC 


57,  800  N ()  3,  000  lb) 


Again,  the  assumed  stringer  dimensions  are  more  than  adequate. 


Lower  Shelf.  The  lower  shelf  was  analyzed  in  identically  the  same 
manner  as  previously  described  for  the  upper  shelf.  The  weight  supported 
by  the  lower  shelf  is 


4-!K, 


t & *>’«  Vli  /f»GF  -WAV 


; J :aw ,lMf  tu ^ .a 


Equipment  - 47.40  kg  (104.5  1 1 j ) 

Required  shell  thermal  mass  - ' ' . 3 0 kg  ( it).  5 lb) 


Total  = 5t>.  7 kg  (125.0  lb) 


At  715  g,  the  resulting  total  vertical  force  is 


F 


398, 000  N (89.  000  lb) 


The  minimum  thickness  required  to  prevent  bending  failure  of  the  shelf  was 
found  to  be 


The  thickness  required  to  cause  the  shelf  to  have  the  minimum  required 
heat  sink  mass  is 


Therefore,  the  governing  thickness  for  the  lower  shelf  is  tj^. 

Lower  Shelf  Support  Ring.  A titanium  lower  shelf  support  ring  is 
required  to  transmit  the  forces  from  the  tower  shell  to  12  thermal  isolating 
washer  stacks  on  the  inner  flange  of  the  shell's  lower  hemisphere.  The 
rings  configuration  and  important  dimensions  arc  shown  in  the  sketch  of 
Figure  4.3-4.  The  load  per  unit  length  of  circumference  transmitted  by  the 
bottom  shelf  to  the  support  ring  is  shown  in  Figure  4.3-5. 


The  flange  thickness  required  at  point  A is 


t 


R 


1 . 42  cm  (0.  560  in.  ) 


t 


where*  M limit  moment  at  A 


y-r- 


yield  allowable  for 
titanium 


0.2t>7  cm  (0.  105  in.)  required. 


r 
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LOAD  PER  UNI  T LENGTH 

FIGURE  4.3  fi.  LOAD  PER  UNIT  LENGTH 
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Local  stresses  in  the  ring  in  the  vicinity  of  each  washer  stack 
attachment  point  were  also  investigated.  The  behavior  of  tlu:  ring  face  at 
an  attachment  rna^  he  idealized  as  a clamped  circular  plate,  damped  in  the 
center  (by  the  washer  stack  and  holt  head)  as  shown  in  Figure  4.  3-6.  A 
solution  to  the  idealized  model  is  given  in  Referenc  e:  1.  3-16.  The  maximum 
stress  occurs  at  the  inner  edge  and  is  given  by 


‘.MAX 


1 


(In 


where 

W load  per  washer  stack 

a,  b,  and  t are  as  shown  in  Figure  4.3-6. 


Setting  AX  e<lua^  to  the  yield  allowable  for  the  titanium  ring,  and  using 
the  maximum  limit  load  per  washer  stack,  the  required  local  ring  thickness 
was  found  to  be 


t - 0.356  cm  (0.  110  in)  loca.  thickness  required 

It  should  be  noted,  that  the  load  W per  washer  stack  that  is  transfeired 
through  the  ring  comes  from  the  force  on  the  bottom  shelf  only.  The  top 
shelf  load  is  transmitted  directly  to  each  washer  stack  by  the  support  columns 
without  going  through  the  ring. 

Thermal  Isolating  Washer  Stacks.  As  explained  in  the  thermal  control 
section  of  this  volume,  the  titanium  washer  stacks  shown  in  Figures  4.  3-3 
and  4.3-4,  are  required  to  provide  insulation  from  thermal  conductance 
between  the  hot  pressure  vessel  wall  to  the  equipment  support  shelves.  The 
critical  loading  condition  for  this  stack  occurs  at  Venus  entry  and  puts  the 
washers  in  compression.  The  total  ultimate  load  per  washer  stack  is  seen 
from  the  previous  discussion  to  be 


F = 49,  700  N (11,200  lb) 


Assuming  a washer  outside  diameter  of  1.04  cm  (0.41  in.)  and  an  inside 
diameter  of  0.  608  cm  <0.20  in.),  the  ultimate  compressive  stress  in  a 
wa  she  r is 


f,  - 76,  600  -Jl-  (111,000  psi) 

cm4 

Tins  is  less  than  the  compressive  yield  stress!  for  the  material  and  is 
therefore  safe. 
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FIGURE  4.3-6.  CLAMPED  CIRCULAR  PLATE 
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.Small  Probe.  The  si  met  oral  configuration  of  the  small  probe  pressure 
essel  module  Is  idonth  a)  to  iliat  for  the  largo  probe.  Therefore,  the  analysis 
e<  hriques  used  to  size  the  various  structural  elements  were  identical  to  those 
(escribed  for  the  large  probe  in  the  preceding  subset  lions.  The  results  of 
he  sizing  procedure  for  both  the  large  and  the  small  o robes  are  given  in  a 
following  subsec  tion!  Paneline  Desc  ription  — Atlas  /Centaur. 

Internally  \ersns  Fstenially  Insulated  Structure  Trad e 

In  subsect ion  1.  1 of  this  volume,  a study  is  summarized  which 
indicates  that  acceptable  thermal  protec  tion  of  all  on  board  equipment  can  be 
accomplished  using  either  external  insulation  or  internal  insulation  design 
approaches.  These  design  approaches  can  have  a profound  affect  on  the  cost 
and  weight  of  the  structural  design.  Accordingly,  a trade  study  was  per- 
formed to  determine  which  of  these  design  approaches  was  superior  from  the 
standpoint  of  overall  pressure  vessel  module  cost  and  weight.  Both  the  Thor/ 
Delta  and  Atlas/Centaur  designs  were  considered.  The  conclusion  of  this 
trade  study,  which  is  reported  in  ‘his  subsection,  was  that  the  internally 
insulated  design  would  oe  significantly  lower  in  cost,  more  reliable,  and  yet 
not  significantly  heavier.  As  a result,  the  internal  insulation  approach  was 
chosen  for  the  Atlas/Centaur  design. 

T rade  Study.  The  trade  study  w as  accomplished  in  the  following 
manner : 

1)  For  each  concept,  (external  and-internal  insulation)  all— major 
structural  elements  of  the  pressure  vessel  module  were  sized 
and  their  weights  calculated. 

2)  The  weight  of  all  nonstructural  pressure  vessel  module  items 

tend  other  probe  items  which  are  affected  by  the  insulation  concept 
were  calculated.  These  include: 

a)  Thermal  insulation  and  retaining  hardware 

b)  Heat  sink  mass  required  in  shelves 

c)  Aerodynamic  fairing  required  on  one  design,  but  not  on  the 
other.  (The  Thor/Delta  design  may  also  have  required  a 
fairing  if  the  wind  altitude  radar  antenna  had  been  specified 
in  that  payload ). 

d)  Deceleration  module  (size  change). 

J)  For  each  design,  the  total  weight  of  all  affected  items  was 
obtained  (from  1 and  2,  above).  Items,  such  as  onboard 
equipment,  whose  weights  would  not  lie  affected  by  the  insulation 
design  approach,  were  not  included  in  the  totals. 


REPRODUCIBILITY  OF  THE  ORIGINAL  PAGE  IS  POOR. 


4-123 


gSS5m5£SS£5EaBEgSS3SS5ffigBSEBa^^  . 


m.i  i in  nun  mu  umiirH/iui  t vrt4i  TiMiBWirr' 


4 

5 


1 ' i ■ i i-  •-  i ! ! i • . «•:-*(  .'ii  i • i .''n'  ■ ■ • i ■ i . ■ 

i ! l * ! I • P ! ‘ : ' i ' 

,i  j 1 :i • ' Ii  - r-  i ; %ili  I : ;e  I • pi'  i • .*-•  . i nl  i i i | i.tt  i‘C  i ■•»*■>!  . 1 1 dt ■ • el ti|ii  i .i  : I , 

test  I!-,  .i  ’'ii  i .i  :i  ri » . • ; i < i • i 


•)  Th 


1 ; . ! he  I < , . s!  VV  el  r lit 


St  r-.ii  i j r.il  >i/e  I'ffocls.  I • i ! «•<!  st  r u 1 1; in. ! six!  or  r ; t i 1 \ 

insulated  Tho  r 7 1 )cT7a  desi u : . had  a!  ready  > t ■ t > i a.  coiuplisin  d i.:  Task  iJ!'i-.’.7 
( I'l-U'l'c  a'C  I.  >-*).  LU  I 1 : . . ! a t:a  I V si  S , li'.l'  I'llVi  I Oil  f l • l j ■ li  f l 'l ! t 111  l i 1 1 C S ri  O’ 
primal-.  oi  > .o::sions , su.'i.  as  pre'  sure1  vessel  diumel  er,  as  well  as  the 
oi  ica:  of  load,  i: ’-ale  rial  properties , eta.  , were  derived.  Therefore,  the 
eife.  t of  i ha’ii.i’s  to  tiie.se  parameters  i ould  :jp  quickly  determined  by  ratios. 
For  example,  sitae  list*  aimli  sis  ot  Task  PB-TT,  the  pressure  vessel 
'i  aterial  had  chanced  iron-,  titanium  to  steel.  The  cfle>  t of  i onvr rti'-.i;  to  an 
inter!  ally  insulated  design  v. a •;  w Increase  st  rue! u r .•!  temperatures,  thereby 
dciv  rcasiiiu  i orlaiu  utatori.il  properties,  i:  addition,  'the  diameter  of  the 
At  las  / Ceiit.mr  pressure  » esscl  is  greater  than  t!:e  Thor/Pelta  diameter  used 
i.i  the  o’dai'  .-.1  analysis.  Further  diameter  im  reuse  is  necessitated  to  provide 
spa.  e for  internal  i isilia!  io’i  l’  tile  ...so  oi  t !•..■!  desiv,  . Inertia  loads  for 
Allas  Centaur  are  .re.iier  than  those  used  for  Titor/I  >cirn.  By  1 1 ; tilt  i pi  vine 
the  Thor,’  Delta  lliiiki. esses  >v  ratios  ol  these  parameter  chances,  the  Atlas/ 
Centaur  thin  ness  required  e:  *s  vv<  re  obtained.  This  was  done  for  both  the 
externally  im;.  la  ted  and  the  internally  insulated  desiuus.  As  an  example  of 
•his  process,  the  roq  lirou  ihiiiuess  of  the  larue  probe  upper  slielf  support 
.lance  was  derived  ns  follows:  The  thickness  of  tiiis  fiance  for  the  titanium 

Thor/Delta  (tcsi.n  was  fou’id  to  oe  1']'  |>  ti.Jni  i m (0.101  i i * . ) . 

In  ti  e derivation,  this  ihitkness  was  sliown  to  he  proportional  to 
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vvhe  re 


\V  total  mass  ol  top  shelf  and  equipment 

Ii  fiance  width 

(i  ,h  celer.il  to  load  l.c  lor 

h shell  radius 

> v ic  I d stress  . I ! « tvv  a : it  e nr  the  1 1 a • . e ! i ..  1 1 e ri . • i 


T he  i . L!  I a I 


ir  this  fiance  nrrurr  durinr  Venus  et  I r \ deielern- 


! '»(•••  v.lii".  the  tee  peralui'e  if!  1 ’’.v  . T he  ii  fu  re , the  ilanuc  ttiici.uess  is  not 
• il'eited  hy  internal  v ersus  ev  rnal  insulation.  The  At  Ini  Centaur  pa  r iimcI*’  r 
i lamia' s a re : 
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i\  i ! . i ci ! I i* i > • 1 1 '■ . i cm:  ( 11 . in.  ) iii  11 . s ci 1 1 (1  I , -1  in,  ) 

'•  I ! . 1 1 ; I'li  ! run  Slip  • 1 1 --  (I.’.ll,  UOO  psi)  Inf  lil.inilim  ill 

I I * i 1 V c m •-  ( I iM,  i>iM  uai  lor  1 V - 1 i ’i ! I steel 

Flic  !* c 1 1 ■- 1 i rcii  ! hii  is. ess  lor  the iiauue  on  the  Atlas /t  entaur  ilo.-iii.ii  is 
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1 1 : i s process  was  relic. tied  in  like  m,  inner  for  evorv  m.ijor  item  ot’  At  lav. 

Centaur  s!  rm  ! n re  in  noth  .in  external  anil  intcrii.il  insulation  desirtn,  The  i 

wei;:l:t  o;  i'.h!'  u!  these  items  n:  structure  was  then  ealculated. 

To  •ninimire  weight  in  the  Thor/  Delta  h.isei!  structural  design,  a 
1 1’ ic  s li  c coel  I ii  i e • it  oi  i'.  / was  .issinMed  in  dele  ruiiniiiu  the  retjiiirod  pressure 
vessel  sin'll  t h.ic  k n.e  s s . However,  inr  the  At  las /Cent  all  r design,  a less 
ontim  is!  in  i nelli.  ient  o!  i’.  1 was  assumed.  To  ui  hieve  0.  1,  a h rieatl  on 
tide  r.i  a es  i an  tie  soti-.ewh.it  looser,  thus  lowering  in.ii  liiaim:  costs,  hut  t he 
''.eii.iit  will  ie  son  ;ew  hat  hiiilie1’.  The  lollowii-.u  is  a summarv  ol  .in  an. ilvsis, 

'<■  I i'll  shows  ill  it  till'  i ouse  r\  at  i v e value  ol  0.  t is  a suitable  choice  lor  either 

• i".  external  or  ir.terti.il  iiisul.it  ion  design  approach, 

in  recent  test  conducted  h\  I lushes,  it  was  shown  lli.it  acenratelv 
ianrii  .ited  spnerical  shells  with  the  same  radius  to  thickness  ratio  as 
re'jiiired  on  Pioneer  \ onus  will  Inukle  under  external  pressure  that  is 
,s  pen  ent  ot  tin.'  calculated  theoretii  al  maximum.  Tliis  is  equivalent  to  n 
■)Ui  i-.ll’-.  ■ oettii  ien.t  (or  kroi  k down  lacfor)  o'  l).  /S.  These  tests  are  reported 
upon  in  detail  in  Relereece  I.  l-i.  The  ti'sls  n!«u  proved  that  there  would  lie 

• o rediii  t ion  i u this  cue! ! icient  in\  ,nise  ol  a reitifo t red  wi ndow  penet  rut  ior  o r 
i t'iaiid  llam.-e,  However,  the  tests  also  fevealiil  that  impe  ri  ect  ions  in  t!i«' 
sjiiieritv  ol  the  shell’s  surl.uo  would  snhsta  e.t  ia  1 1 \ red  -ace  the  coeit  icient . 

Increases  in  shell  temperatures  that  would  oceur  due  to  an  inleruallv  insulated 
tic’  i.  , wouli!  rmlii'  e the  h’.n  1. 1 i nr.  pressure  in  redui  inr.  the  modulus  ol 

elect  ii  i ! v ol  the'  si-ell  .aterL.il.  However,  the  elevated  temperature  .dove 
should  i i \ e no  ell  n I on  the  hue  U I i nr.  i • -el  i i i ie ul . 11  n the  other  n . ( rm.il 

radii”  • s , i ■ : i e *i  t . will  ■_['  e rise  to  (list  o rt  ions  ot  the  shell'  i . v.  i i,h 

are  in  e'leit,  i m pe  r I e i t ion  s in  sphericitv.  Thus,  thermal  i;r,n>,i  ..aid 

*« * evjii’i  ted  to  red'li  e the  hem  i.  down  l.ii  tor. 
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imperfections  of  21  percent  of  the  thickneV*  ‘1Ct°r.of  0,  4 when  local  radius 
above  curve  fKe  ?i  \ ■ th  thlcknesS  Were  introduced.  Usino  the 

curve  with  A.’  - 0 M **  equivalent  to  *l/R  = 1.3  (Enter 

factor  1/1  aJi  £a^,°r  °f  ,°-78  VVOuld  the"  be  reduced  by  the 

0 59  \-  0 78  - 0 4-f  * i • '"OLl^d  result  in  a predicted  knock  down  factor  of 
0.59  x 0.  ,8  - 0.46.  which  correlates  well  with  the  Hughes  results 

on  the  knock  down  'k  “L^elhafthe”  f°  e“?Ct  the™al  gradient, 

increase  by  an  amount  equal  to  AR,  where  ° 1US  °f  the  sphere  wiU 


A R = R a A T , 


where 


f»  -r 

R 

AT  - 


coefficient  of  linear  expansion 
nominal  shell  radius 
local  temperature  change 


«.  * 
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For  either  design  with  a given  it  and  <»,  and  shell  thit  knoss,  l,  this  tan  in: 
co  iverted  to  values  ofAK/t  as  a function  ofAT(,  and,  therefore,  by  the 
method  previously  described , tile  knock  down  tat  tor,  K,  tan  be  determined 
as  a function  of  AT0. 

For  the  Atlas/Centaur  externally  insulated  steel  design,  the  maximum 
ATq  has  been  estimated  to  be  on  the  order  of  177°C  (350°F).  Ry  the  method 
described  above,  this  results  is  a predicted  knock  down  f HC.tor  of  0,5.  On 
the  other  hand,  when  this  is  converted  to  an  internally  insulated  design,  a 
gradient  of  only  60°C  (140°F)  is  estimated.  This  converts  to  a knock  down 
factor  of  0.  64.  Thus,  the  selection  of  0.4  as  the  factor  on  the  Atlas/ Centaur 
design  is  more  than  adequate,  regardless  of  the  insulation  concept.  0.4  Was 
therefore  used  in  calculating  the  required  thickness  for  the  pressure  vessel 
shell  in  both  the  external  and  internal  design  concepts. 

Table  4.3-10  shows  the  weight  of  each  insulation  design  dependent 
item  for  the  large  probe.  Columns  1 and  2 permit  a weight  comparison  to 
be  made  for  a titanium  Thor/Delta  design  in  either  a hot  wall  (internal  insula- 
tion) or  a cold  wall  (external  insulation).  Note  that  the  total  system  weight  of 
the  hot  wall  design  would  be  3.62  kg  (7.98  lb)  heavier  than  the  cold  wall 
design.  This  represents  about  3 percent  weight  increase  lor  the  total  probe 
system.  Note  that  an  aerodynamic  fairing  is  required  when  the  external 
insulation  is  rcmoveci.  The  fairing  gives  the  pressure  vessel  module  the 
same  external  shape  that  it  had  with  the  external  insulation.  Tins  is  neces- 
sary to  assure  that  the  aerodynamic  stability  of  the  hot  wall  design  will  be 
the  same  as  that  for  the  cold  wall  design;  the  cold  wall  design  having  already 
been  proven  by  wind  tunnel  tests.  Thermal  protection  of  the  equipment  on  the 
hot  wall  design  was  accomplished  by  using  1.27  cm  (0.5  in.)  of  fiberglass 
insulation  on  the  inside  wall  of  the  shell  and  also  by  inc  orporating  some 
beryllium  plates  into  the  equipment  shelves  to  serve  as  heat  sink  or  heat 
absorbing  mass. 

Columns  3 through  o allow  comparable  comparisons  to  lie  made  on  the 
Atlas/Centaur  design.  These  arc  2 Atlas/Centaur  cold  wall  designs.  One 
fur  a nominal  insulation  thickness,  column  3,  and  one  for  a double  insulation 
thickness,  column  1.  The  double  insulation  thickness  design  was  being 
considered  to  increase  reliability  of  the  thermal  protection  system  in  the  less 
weight  sensitive  Atlas/Contaur  application.  However,  both  concepts  are 
included  for  comparison.  Note  that  the  nominal  insulation  weight  of  column  3 
is  significantly  less  than  required  on  the  Thor /Delta,  column  1.  This  was 
caused  by  refinements  in  thermal  calculations  after  the  Atlas/Centaur 
decision  was  made.  Similarly,  two  hot  wall  designs  arc  shown.  One  using 
beryllium  as  the  heat  sink  mass,  column  5,  and  one  using  aluminum  for  this 
purpose,  column  6.  Roth  hot  wall  designs  utilized  1,27  cm  (0.5  in.)  of  fiber- 
glass insulation  on  the  inside  wall  surface.  Again,  tin*  hot  wall  designs  are 
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c ivicr  than  the  cold  wall  designs.  However,  the  increase  in  weight  as  a 
ere  outage  of  the  total  probe  system  weight  is  only  9 percent  at  most:  to 
percent  at  least,  depending  upon  which  two  of  the  four  designs  arc  compared, 
’he  overall  conclusion  from  Table  -1,3-10  is  that  the  weight  penalty  for  a hot 
all  design,  large  probe,  is  minimal. 

Table  4.3-11  allows  similar  weight  comparisons  to  be  made  for  the 
mall  probe  hot  and  cold  wall  designs.  Two  notable  differences  in  the  list  of 
esign  affected  items  are  these.  First,  no  aerodynamic  fairing  is  required 
pon  removing  the  external  insulation  from  the  small  pressure  vessel,  since 
le  vessel  always  remains  in  the  aeroshell.  Second,  removal  of  the  external 
lsulation  reduces  the  external  diameter  of  the  pressure  vessel  module.  This 
ermits  it  to  be  pushed  deeper  into  the  aeroshell,  giving  a lower  probe  c.g.  , 
hich  permits  a smaller  aeroshell  base  diameter.  Thus,  the  deceleration 
lodule  decreases  in  weight.  (This  same  weight  savings  could  not  be  realized 
n the  large  probe  because  of  the  presence  of  the  external  wind/altitude  radar 
atenna).  These  two  differences  from  the  large  probe  result  in  weight 
ecreases  for  a hot  wall  design  in  one  instance  (compare  columns  4 and  5), and 
very  slight  weight  increase  in  another  instance  (compare  columns  3 and  6). 
l either  case,  the  conclusion  is  that  the  weight  penalty  (or  advantage)  for  a 
ot  wall  design,  small  probe,  is  not  significant. 

From  a weight  standpoint,  the  difference  between  the  external  or 
iterual  insulation  designs  is  not  significant  so  the  designs  are  considered 
omparable.  However,  from  ii  total  cost  and  reliability  standpoint,  the 
iternally  insulated  design  is  clearly  superior.  The  external  insulation 
vliti-K)  requires  considerable  development.  It  must  be  designed  to  function 
uring  direct  exposure  to  the  somewhat  unknown  and  hostile  Venus  environ- 
icnt.  It  must  be  assembled  in  many  pieces,  yet  the  slightest  leak  at  any  of 
le  seams  would  render  the  insulation  nearly  useless.  Also,  access  to  the 
iterior  after  assembly  requires  disassembly  of  some  of  these  seams.  On 
ic  other  hand,  the  internal  insulation  concept  is  straightforward  and  dors 
ot  require  extensive  development.  The  insulation  is  protected  from  the 
onus  atmosphere  by  the  pressure  vessel.  Insulation  scams  are  easier  to 
eal  and  small  seam  leaks  are  not  significant.  Clearly,  the  elimination  of 
ic  external  insulation  system  in  the  hot  wall  design  will  result  in  extensive 
ost  savings  in  development  testing,  qualification  testing  and  fabrication, 
he  overall  conc  lusion  from  this  trade  study  is  that  the  internally  insulated 
esign  is  superior. 

esc  ription  of  Thor/ Delta  Pressure  Vessel  Structure 

The  following  is  summary  of  the  structural  sizes  derived  by  the 
ml y sis  described  in  a previous  subsec  tion. 
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. v.  GK  Pit  OR  K MASS  COMPARISONS  RKTWNMN  HO'J 
/'NR  COLD  WALL  I;  KSIGNS,  *IN  KG(I.H) 


Oosiun  Concept 
Dependent  Mass 
Items 

1 'nip  / i )«*lla 

A t las  /( ieniau  r . Steel 

1 iian 

ism* 

Sit  1 

Col<!  Wall 

Hot  Wall 

Cold  Wall, 
( Nominal 
1 hii'kni‘*.i 
ins  tilaiion 

Cold  Wall, 

( Double 
1 hickness 
Insulation 

Hot  Wall 

Beryllium 
I leal  Sink 

Alumi  nun » 
l irai  Sink 

Fxt<  rnal  insulation 

7 2^ 

5 72 

7.  -.1 

0 

0 

( 1-  . 0 ) 

0 

( W.20) 

( In.  HO) 

P.'xtcrnal  insulation 

1.  51 

5.  11 

1.  i- 

rotainr r 

( 2. 'Hi) 

0 

( I..S0) 

( 7.  5n. 

0 

0 

Internal  insulation 

1.  . 5 

2.  »2 

2.  4 2 

plus  rrtaininu 

0 

( 1.  eO) 

0 

0 

( n.  14) 

( =n  14) 

devices 

Added  heat  sink 

2 15 

n.  44 

12.  S'? 

mass  tor  trmpr ra* 

(t 

( 4.  70) 

0 

0 

( 14.  20) 

( 27.  7X) 

lure  control 

Prrsauri*  vi'Ssul 

15.  20 

20.  70 

57.  7 

17.  7 

47.  5 

47  5 

shell 

(2“.  10) 

(4k.  • 7) 

( >7) 

( *5.  27) 

( 104  IS) 

( 104  .5  S) 

Main  l'lanue  plus 

«.  *** 

} 7 n 

'!  s i 

<1  . ^ | 

0.  S'* 

n ku 

shelf  ilanues 

( 7."0) 

( x.  27) 

( 20.  vs) 

( 2l*.  "XI 

( 21.  HO) 

( 21.  H01 

Equipment  t helves 

•1.  12 

4.  12 

7 14 

7.  14 

7.  54 

7.  54 

( '?  10) 

( 10) 

( !>  ■ 1~) 

( 1.  . 1 7) 

( 1>  ■ 17) 

( 17) 

Prolx*  /a<* rosin'll 

1.  5' 

1. 42 

V 74 

1.  74 

5.  H'J 

5.  H4 

adapter 

( 5.  00) 

( 5.  14) 

( s-  2>.) 

( « 2. ) 

( x.  SO) 

( H S')) 

A**  rtxlynairuc 

IK  * s 

5.  SS 

5.  SS 

fai r ’p 

0 

( l.nO) 

(1 

0 

( H.  SO) 

( X.  SI') 

Affected  items  in 

0 

0 

i; 

0 

0 

0 

deceleration 

moduli* 

lotai  items  affected 

51).  X 

14.  4 

* .n , 2 

» *1.  0 

H|.  (1 

H7  5 

(nk.  00) 

("S.  Os) 

( 141.  74) 

( IS,.’.  04) 

1 17H.  7) 

( I‘t2.,  s 5) 

Hoi  wall  internal  insulation  desiun 

Cold  wall  external  insulation  desiun 
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iABLE  4.  3*11.  SMALL  PKOBE  Mrt.^  GUM f-’A m^uw.")  i > i*.  l vvr.r..N  1 1>^  t n.-u 
COED  WALL  DESIGNS,  * IN  KG  (LB) 


Design  Concept 
Dependent  Mass 
! Items 

i itanium 

Steel 

Cold  Wall 

Hot 

Wall 

Cold  Wall 

Hot  W .11 

(Nominal  Thickness 
Insulation) 

(Double  Thickness 
Insulation) 

Beryl1  iun)  Heat 
Sink 

Muminun:  He  t 
Sink 



External  insulation 

4.  62 

5.  2 ! 

1 0.  65 

1 

i 

(iO.  20) 

0 

(M.  50) 

(22.  80) 

0 

0 

External  insulation 

. 544 

1.  13 

1. 62 

retainer 

( L 2) 

o 

(3.  16) 

(3.  58) 

0 

° ; 

interna!  insulation 

0 

U . 725 

i) 

0 

0.  *5 

plus  retaining 

(i.  <>o) 

(2.  10) 

(2.  i a 

devices 

i 

l 

Added  heat  -ink 

i 

i 

mass  tor 

7.  O’, 

1.  °0 

temnerature 

0 

US.  5) 

0 

0 

(8.  6) 

(16.83) 

control 

• 

Pressure  vessel 

2.  76 

4.  78 

7.  42 

7.  42 

' 0.  07 

10.  07 

shell 

(6.  ! 0) 

(10.  54) 

(16.  36) 

(16.  36) 

(22.  21 ) 

( > ~>  ■>  j ) 

Main  flange  ulus 

1.  16 

1. 24 

2.  66 

2.  66 

2.  82 

2.  .82 

shelf  flanges 

U.  55) 

(2.  74) 

(5.  86) 

(5.  86) 

(6.  22) 

(o.  22) 

Equipment  shelves 

1.  59 

! . 59 

2.  32 

2.  32 

2.  32 

2.  52 

(3.  50) 

(3.  50) 

(5.  1 1 ) 

(5.  1 1) 

(5.  ’ 1) 

( 5.  1 1) 

P obe  aero  shell 

0.  77 

0.  60 

0.  60 

.—laoter 

\ 

0. 70) 

0 

(1.  32) 

(1.  32) 

0 

0 

Aerodynamic 

fairing 

0 

0 

0 

0 

0 

0 

Affected  :tems  in 

9.  48 

7.  75 

17.  00 

21.  6 

14.  32 

;4.  32 

deceleration  module 

(20.  90) 

(17.  10) 

(37.  50) 

(47.  70) 

(31. 60) 

(31.  r-0) 

Total  items 

20.  9 

23.  1 

36.  6 

46.  6 

34.  4 

3 8.  ’ 

affected 

(46.  15) 

(50.  98) 

(80.  81 ) 

(102. 73) 

(75.  84) 

(34.  07) 

<:!io!  wall  = internal  insulation  design 
Cold  wall  - external  insultion  ccsign 
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Largo  probe 


Pressure  Vessel  Shell  - Titanium  6A  L-4V  amu'.'i  led 

in  Midi*  diameter  55. ')  em  (22  in.) 
Sin'll  thickness  • 0.  i 1 2 e ii  {0.  1 2 i in.  ) 
( rilical  load 


Mode  of  failure 


Venus  atmosphe rii  pressure 
1200  N/c in2 

- buckling 


Maximum  compressive  shell  stress  at  failure 
5.1,  500  N/cni^  (77,600  pei) 


Compressive  yield  stress  allowable 
(97,000) 


67,  000  N/cm‘ 


Small  probe:  Inside  diameter  = 31.8  cm  (12.50  in.) 

Shell  thickness  = 0.  177  cm  (0.070  in.) 

Failure  mode,  stresses,  etc.:  same  as  large  probe 

Main  Separation  Flange  - Titanium  6 AL-4V  annealed 
Both  probes: 

Thickness  each  hemisphere:  0.635  cm  (0.25  in.)  large  probe 

0.4  7 cm  (0.185  in.  ) small  probe 

Mode  of  failure:  Tensile  yield  due  to  bending 

Critical  load:  Venus  entry  deceleration  625  - 700  g 

Tensile  yield  allowable:  82, u00  N/cnr  (120,000  psi) 

Top  Shelf  Support  Flange  - Titanium  6AL-4V  annealed 

Large  probe:  Thickness  - 0.262  cm  (0.  103  in.  ) 

Thickness  = 0.  167  cm  (0.  066  in.  ) 


Small  probe: 
Both  probes: 


Failure  mode  - yield  due  to  bending 
Critical  load  Venus  entry  deceleration 
Allowable  - 82,600  N/cm2  (120,000) 


Bottom  Shelf  Support  Flange  - Titanium  6 AL--1V  annealed 
Large  probe:  Thickness  - 0.508  cm  (0.20  in.) 

Small  probe:  Thickness  0.277  cm  (0.  109  in.) 
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Both  probes: 

Failure  mode  yield  due  to  bonding 

(2  ritual  load  Venus  entry  fleeelo  ration 

Allowable  ' K2, bOO  N/rni^  (120,000  psi) 

ottnm  Shelf  - Aluminum  honeycomb  sandwii  h 


Small  probe: 

Core  thickness  ~ 1.27  cm  (0.5  in.) 

Large  probe: 

Core  thickness  - 2.51  cm  (1  in.) 

Roth  probes: 

Core  material  - 505b  A).,  0.  397  cm  (5/32  in.  ) 
cell  size  specification 
Density  110  kg/m^  (6.9  lb/ft-3) 

Small  probe: 

7075-T6  aluminum  face  sheet,  0.07o  cm  (0.  030  in.  ) 
thick 

Large  probe: 

7075-T6  aluminum  face  sheet,  0.  127  cm  (0.  050  in.  ) 
thick 

Both  probes: 

Failure  mode  - yield  due  to  bending 

Critical  load: 

Venus  entry  deceleration 

op  Shelf  - Aluminum  honeycomb  sandwich 


Small  probe: 

Core  thickness  - 1.27  cm  (0.5  in.) 

Large  probe: 

Core  thickness  - 2.5-1  cm  (i.O  in.) 

Both  probes: 

Core  specification  - 505o  al,  0.397  cm  (5/32  in.) 

cell  size,  density  110  kg/m* 
(6. 9 lb/ J t M 

Small  probe: 

7075 -Tb  Al  face  sheet,  0.  0 lo  cm  (0.  01 1>  in.  ) thick 

Large  probe: 

7075 -Tb  Al  face  sheet,  0.  05  3 cm  (0.021  in.)  thick 

Both  probes: 

Failure  mode  yield  due.  to  bending 

Critical  Load  Venus  entry  deceleration 

ressure  Vessel  to  Aeroshell  Adapter  - uAL  IV  titanium,  solution  treated 
TJagcd.  Compressive  yiclTF  allowable:  500  N/cm*  (1-10,000  psi) 


Large  probe: 

Minimum  skin  thickness  - 0.038  cm  (0.015  in.) 

Failure  mode  - buckling  of  conical  shell 

Critical  load  a\i,i!  acceleration,  Tltor/Della  boost 

Maximum  skin  thickness  - 0.2()h  im  (0, 0d2  in.) 
Failure  modi'  - '.oral  bonding 

Critical  load  asial  acc.olc  ration , Thor/ Delta  boost 

Small  probe:  Constant  skin  thickness  - O.Obl  cm  (0.0.0  in.) 

Failure  mode  - local  bending 

Critical  load  - axial  acceleration,  Thor /Delta  boost 


'I 

i 


I 

i 


Description  of  Atlas /Centaur  Pressure  Vessel  Structure 

Tables  -1.3-12  and  4.3-13  summarize,  for  the  primary  structural  items, 
the  sizes  (thicknesses  or  gages)  derived  by  the  analysis  described  in  a previous 
subsection. 
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TABU-:  4.3-12.  l.ARGK  PKOB K STRUCTURA1 . E ASCRIPTION  - 

ATJ.AS/ CKNTAUH 


rwctural  Item 

Mate  rial 

f*  ril»»' »il  l.oai! 
( !nn<hl  ion 

Failure  Mode 

1 bmensions 

1 In  i kn»  •>  • 

ressure  vessel 
iell 

.*  la  raging 
Stl'l'l 

Ma.Hinmin  pressure 
and  irnipc ratiii**-  at 
Venus  mu  rfacc 

Huckling 
(k  0 4) 

Inside  diameter 

• M.  1 i n. 

( . 4 in.  ) 

0 . 4 32  i ni 
(0.  170  in  ) 

| 

.tin  assembly 
HtgC 

Ma  raging 
Steel 

Venn*  entry 
«!«•(  i lr  ration 

Yield  due  lu 
bending 

See 

Figure  4 3*  3A 

1 

0.  hi  cm 
(0.  30  in  ) 

Fach  hemisphe  re 

m**r  shell 
ango,  bottom 
••inispherr 

Maraging 

Steel 

V* HUM  entry 
■It  t rle  ration 

Yield  due  to 
bending. 

See 

Figure  4.  3-  3A 

0.  7 it  cm 
(0.  30  in.  ) 

pper  equip- 
•ent  support 
ur  If 

Aluminum 
70?=*-  1 ». 

Venus  entry 
deceit*  ration 

Yield  due  to 
bending 

See 

Figu re  4.  3-  3A 

1.  4«.  cm 
(0.  t»2  in  ) 

owor  equip- 
icnt  support 

holf 

Aluminum. 
7075-  1 •. 

Venus  entry 
deceleration 

Yield  due  to 
brmd.ng 

See 

Figure  4.  3-3A 

1.42  cm 
(0.  50  in.  ) 

pper  shell’ 
upport  columns 

1 iianium 
..  al-4V 

Venus  entry 
dceele  ration 

Local 

crippling 

See 

Figure  4 LIA 

0.  102  cm 
(0.  040  in.  ) 

.owc*r  snell 
upport  ring 

litaniurn 
r»  al-4V 

Venus  entry 
dccele  ration 

Yield  due  to 
bending 

See 

Figure  4.  3-3A 

0.  IMS  cm 
(0  07  3 in.  ) 

Skin  gauge  except. 
0.  20?  cm 
(C.  104  in.  ) 

Shell  support  lip 
0 3 4f>  cm 
(0  140  in.  ) 

Local  thickness 
in  vicinity  of 
each  washer 
stack 

he  rmal 

solution  washer 

ta*.  ’< 

1 itaniuiri 
• a 1 - 4 V 

Verms  entry 
decele  ratitin 

Compres  s ivr 
yield 

Outside  diameter 
1 . 04  c in 
(0.  4 1 in.  ) 

Inside  diameter 
0 50H  cm 
(0.  20  in.  ) 

Not  critical 

JVM  / DM 
.flaptf  r ring 

17-4PM 
H900  Steel 

Atlas  /Centau  r 
launch  thrust 

Yield  due  to 
bending  and 
tension 

See 

Figure  4.  3- 5 A 

0.  04  1 rrn 
(0.  020  in.  ) 

Skin  gauge  except 
0.  211  cm 
(0.  OH  3 in.  ) 
Aeroshell  attach 
1 ip  and  ar  roshe  1 ! 
end  of  cone 

rEPR' 


OooaWUTX  THE 


OR^Wfii  '5  P°^' 
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TABLE  4.3-13.  SMALL  PROBE  S''-  ICTURAL  DESCRIPTION -ATLAS/CENTAUR 


Structural  Iten 

Material 

Critical  Lc.... 
Condition 

Failure  Mode 

Dimensions 

1 

Thickness 

Pressure  vessel 
shell 

Ma  raging 
steel 

Maximum  pre:  c 
and  temperatu  • *! 
Venus  surface 

Buckling 
(k  0.  4) 

Inside  diameter 
40.  6 cm 
( 16.  0 in.  ) 

0.  23  cm 
<0.  ICO  in.  ) 

| 

Main  assembly 
l'lange 

Maraging 

steel 

Venus  entry 
decele  ration 

Yield  due  to 
bending 

See 

Figure  4.  3- 3B 

0.  3 1 cm 
(C.  1 23  in.  ) 

Farh  hemisphere  . 

Inner  shell 
flange , bottom 
hemisphe  re 

Ma  racing 
steel 

Venus  entry 
ciecele  ration 

Yiold  due  to 
bending 

See 

Figure  4.  3-  3B 

0.  41  cm 
f!l.  1-0  in.  1 

I 

Upper  equip- 
ment support 
s helf 

Aluminum 
7075-1 6 

Venus  entry 
decele  ration 

Yield  due  to 
bending 

See 

Figu  re  4.  3-  iJ3 

1.-2  cm 
( t ■ in.  ) 

! 

Lower  equip- 
ment support 

shelf 

Aluminum 

7075-1 6 

Venus  entry 
deceleration 

Yield  due  to 
bending 

See 

Figure  4.  3-5B 

1.3  5 cm 

(l.  - 1 in.  ) 

1 

! 

; 

Upper  shelf 
support  columns 

Titanium 
()  al-4V 

Venus  entry 
decele  ration 

Local 
c rippling 

See 

Figure  4.  5 - 3B 

C.  1 02  cr. 

( V . 040  in.  1 

Lower  shelf 
support  ring 

i 

Titanium 
6 al-4V 

Venus  entry 
deceleration 

Yield  due  to 
bending 

See 

Figure  4.  3- 3B 

0.  033  cm 
(C.  C23  in.  ) 

Skin  gauge  t xc  ep: 
l . 137  cr. 

(0.  0-  2 m.)  j 

Shelf  s,:-Dor;  lip 
0.  1-0  cm 
(0.  T-  3 m.  ) 

Local  tr.ickness, 
vicinity  of  each 
wash-,  r stack 

Thermal 
isolation  washer 
stack 

T itanium 
6 al-4V 

Venus  entry 
deceleration 

Compress  ive 
> ield 

Outside  diameter 
0.  7 6 cm 
(0.  30  in.  ) 

Inside  diameter 
0.  4 14  cm 
(0.  163  in.  ) 



1 

Not  critical 

i 

I 


1 
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! in'  t ;c  rni.i  I i Jin  r*j|  design  lor  the  Dtoneer  Venus  probes  L-. 

• i ct  i ■ n 1 1 m cd  !tv  tiic  environmental  and  operational  parameters  of  the  entire 
n ■ i- - i at . Ili«  mission,  itiitvevi  r , i an  be  broken  into  '.tree  distinc  t thermally 
ip  n i:  n .m ; plta.-c.-  a.-  follow.-.: 

1 i 1 ra n - it  t , \ enus 

l.ntry 

■ t l)e  SC  eflt 

Diagrams  showing  the  sequence  of  events  for  the  three  phases  of  the  mission 
are  presented  in  Figures  1.4-1,  4.4-2,  and  4.4-3.  Differences  between 
the  Ihor  Delta  and  Alias  Centaur  missions  are  noted  where  they  are 
s ijo  n if  it  ant. 

Details  of  the  probes  thermal  control  design  and  associated  trades 
for  the_t.{V! it  and  entry  portions  >f  the  mission  are  presented  in  other 
sections  ot  this  report.  This  section  deals  with  the  descent  phase  and  with 
thv  thermal  design  of  the  pressure  vessel  module.  The  pressure  vessel 
module  is  the  portion  of  the  probe  that  must  survive  exposur  ? to  the 
Venusian  environment  and  operate  until  impact  with  the  planet's  surface. 

A brief  description  of  the  transit  and  entry  thermal  design  considerations 
follows  to  set  the  stage  for  the  detailed  discussion  of  Ihe  descent  phase 
thermal  design. 

Thermal  Control  Design  .Surama  r y 

Transit  Phase 

During  the  period  of  transit  to  Venus,  the  probes  are  mounted  to  the 
probe  bus  until  approximately  20  davs  prior  to  entry  (see  Figure  4.4-1).  At 
thi-  time  the  probes  arc  separated  from  the  bus  to  achieve  the  desired 
dispersion  in  impac  t .-ites. 

Ihe  primary  thermal  design  objective  for  the'  transit  phase  of  the 
mi-si  on  is  to  ai  hieve  probe  temperatures  at  entry  which  are  at  the  minimum 
allowable  limit  lor  equipment  operation.  Ibis  is  important  because  the 
probe  pressure  vessel  module  thermal  design  relies  on  heat  capacity  to 
minimize  the  temperature  rise  during  the  descent  through  the  hot  Venusian 
atmosphere,  in  addition  to  achieving  minimum  temperatures  at  entrv, 
the  transit  thermal  design  must  also  maintain  temperature  Fmits  over  a 
broad  range  of  environmental  conditions. 

I'rtor  to  separation  from  the  bus,  the  probes  must  withstand  the 
nearly  twofold  iru  rease  m -obi  r intensity  during  the  transit  from  Forth  to 
^ * nos.  I airing  this  time  the  spacer  raft  spin  axis  i-  maintained  normal  to 
tin  it  lip'ii  plane  except  lor  transient  trajectory  corrective  maneuvers  {TCMl. 
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FIGURE  4.4  1.  MULTIPROBE  TRANSIT  PHASE 
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FIGURE  4.4-2.  LARGE  PROBE  EMTRY  AND  DESCENT  PHASE 
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I hi-  probe » will  la-  thermally  isnlat « ■ r!  fr..m  the  -paici  rnl'l  he.  ause  the*  probes 
and  spacecraft  mu**,  be  thermally  . mil  i* . >1  led  uvii  pendent  !\  duriny  ihe  2.0  day 
period  between  separation  and  entry. 

Since  the  probe*  are  inactive  until  preseparation  checkout,  they  - an 
bo  subjected  to  a rather  broad  temperature  range.  The  nonoperating  pressure 
vessel  moduli.-  temperature  I ill' its  during  transit  are  - -1 0°  C (-l()°l-T  to  32nC 
(125°/*).  Those  limits  are  set  bv  the  batteries.  The  minimum  heat  shield 
bondli.no  temperature  is  -7  V’h  (-lt)t)°l-T.  lb-cause  the  design  is  constrained 
to  provide  low  temperatures  at  entry,  the  temperatures  prior  to  separation 
also  tend  to  be  low.  The  present  baseline  design  includes  probe  heaters 
powered  by  the  spacecraft  to  maintain  the  batteries  above  the  -40°C  (--IO°Fl 
limit  during  the  early  periods  of  the  transit  phase.  These  heaters  will  also 
be  utilized  to  warm  up  the  batteries  to  their  lower  operating  temperatures 
limit  of  - ?°C  (20°Fl  for  the  preseparation  checkout. 

Probe  targeting  requires  a separation  orientation  which  results  in 
increased  solar  illumination  of  the  probes,  because  of  this,  temperatures 
are  above  the  minimum  operating  limits  at  reparation.  Aside  from  brief 
checkouts,  only  the  probe  timers  will  be  op<  rating  during  the  period  between 
separation  and  entry.  As  the  probes  approach  the  planet,  the  sunline  moves 
towards  the  spin  axis  normal  resulting  in  decreased  heat  loads  and,  hence, 
decreased  temperatures.  The  preentry  thermal  design  has  been  selected  to 
provide  a nominal  battery  temperature  of  -1  C (70'Fl.  This  allows  for  a 
±3‘5C  (10°Fi  performance  uncertainty  which  must  be  considered  because  of 
the  passive  nature  (i.  o.  , surface  finishes)  of  the  design.  The  minimum 
battery  temperature  at  entry  will  be  -7°C  (2(j  Ft,  which  represents  its 
lower  operating  limit.  The  passive  design  approach  has  been  shown  to  pro- 
vide adequate  temperature  control  uitn  a minimum  of  weight  and  hardware 
complexity. 

Entry  Phase 

' 

Ihe  prime  thermal  consideration  during  entry  is  tile  temperature  ris*’ 
created  by  the  high  deceleration  heat  loads.  The  deceleration  module  is  the 
main  portion  of  the  probes  affected  by  the  heat  pulse  generated  during  this 
approximate  0.  3 min  phase.  The  upper  temperature  limit  of  the  bondline 
between  the  heatshield  and  the  aeroshell  structure  sets  the  deceleration 
module  thermal  requirements.  This  limit  is  ’ltV’C  (t>00°Fi.  Heatshield 
thicknesses  have  been  sized  to  insure  that  this  temperature  is  not  exceeded 
during  entry. 

Base  healing  on  the  probe.-,  is  controlled  by  the  addition  of  FS.V1.  For 
the  large  probe,  FSVt  is  added  to  the  aft  cover  which  encloses  the  pressure 
vessel  module  within  the  deceleration  module.  On  tin-  small  probes,  the 
FSNl  is  bonded  directly  to  the  aft  hemisphere  of  the  pressure  vessel  module. 

Because  of  the  short  duration  of  the  entry  heal  pulse  and  the  insulated 
design  of  the  pressure  vessel  module  equipment,  temperature-  inside  the 
modules  increase  an  insignificant  amount  (less  than  1(>  C (2”F)  during  the  entry. 
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The  thermal  f It' s ij.1  n of  the*  Pioneer  Venus  pr<  smii'c  wsscl  modulo* 
wring  dement  Ls  dormnalcd  by  tho  boat  loads  inipoM'd  by  the  Venusian 
trnosphere.  I ho  design  must,  isolate'  tho  internal  science  anfl  support  pay- 
iad  from  atmospheric  temperatures  that  may  reaeh  TTO^K  at  tho  surfaoo 
f tho  planet  and  permit  tho  equipment  to  operate;  for  approximately  l hour 
n tho  Vonusian  atmosphere.  Descent  profiles  for  tho  large  ant!  small 
robe  pressure  vessel  modules  are  presented  in  Figures  l.-l-ii  ami  -t.-l-i. 

Two  distinct  thermal  control  design  concepts  have  been  evaluated  to 
rotec  t the  pressure  vessel  modules  during  descent.  Both  have  advantages, 
>ut.  the  choice  is  constrained  by  the  alternate  launch  vehicles;  the  Thor/Delta 
nd  the  Atlas/ Centaur.  For  the  Thor/  Delta  design,  the  primary  criterion 
s the  minimization  of  weight.  Inis  lead  to  a thermal  control  design  which 
iiilized  an  external  insulation  system  and  the  inherent  heat  capacitance  of 
he  equipment  to  achieve  acceptable  temperatures  during  descent.  For  the 
itla  s ■ Centaur  configuration,  the  minimization  of  costs  through  the  use  of 
i r oven  and  conservative  design  techniques  is  the  prime  criterion.  This 
>remisr  lead  to  a thermal  design  which  utilized  a hot  pressure  vessel  with 
.11  interna!  insulation  system  augmented  by  equipment  heatsinks  to  control 
he  descent  temperature  rise. 

Both  designs  will  adequately  control  the  temperatures  inside  the 
iressare  vessel  modules  during  descent  while  meeting  the  detailed  require- 
r cuts  and  basic  criterion  specified  for  the  particular  launch  vehicle.  The 
tetailed  analytical  and  test  results  reported  in  the  following  sections  are 
> resented  in  chronological  order  starting  with  the  Thor  ' Delta  design  and 
i regressing  to  the  Atlas,  Centaur  design.  I he  Atlas/ Centaur  design 
•epresents  the  current  system  baseline. 

'rcssurc  Vessel  Module  Thermal  Cont rol  Requirements  During  Descent 

Thor,  Dt  Ita  Des ign 


The  basic  requirement  for  the  entire  Thor/ Delta  design  is  the  minimi- 
'.alien  of  weight.  Tins  translates  into  requiring  some  increases  in  the  upper 
emperature  limits  for  the  probe  equipment.  In  addition  to  equipment  base- 
ilatn  upper  temperature  limits,  the  thermal  design  for  the  pressure  vessel 
nodules  is  determined  by  the  masses,  power  dissipations,  anfl  the  environ" 
ner.t.  For  the  descent  phase  of  the  mission,  the  baseplate  upper  tempera - 
.ure  limits  determine  the  design.  These  limits  for  all  probe  equipment, 
ilong  with  their  respective  masses  and  power  dissipations,  are  presented 
.n  Tables  l.-l-l  anfl  l.d-i’.. 

The  baseplate  upper  temperature  limit  is  the  maximum  allowable 
.emperature  that  can  exist  < » n the  unit  side  of  the  unit/ shelf  mounting 
interface  anil  still  achieve  acceptable  unit  performance.  In  predicting 
empcraturcs  to  compare  to  these  limits,  the  thermal  resistance  due 
o the  unit/  shelf  interface  is  included  in  the  thermal  model.  However,  no 
mit  internal  thermal  resistances  are  considered.  This  means  that  an 
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TABLE  1.  1-1.  THOK/O EJ.TA  LARGE  PROBE  PRESSURE  VESSEI. 
MODULE  INTERNAL  THERMAL  REQUIREMENTS 
DURING  DESCENT 


1 .quipment 

M 

hti 

(1  s .H  , 

(ll>) 

1 '(IV.  «•  l 

1)*?  sip  iti"-', 
W.«1ts 

r.a 

Cppi  r 1 
1 

! 

i plat* 

it  p«  r«»t  ur« 

m il' 
i P) 

■u  i**n«  «•  subsystem 

Temperature  »i*nsor  eltitroniis  ftwu) 

0.  S ) 

(1.1) 

i . o 

'ill  i 

(1'4) 

Pres.-ure  spn.HOf  ele»  trojin  > fiwo) 

n, 

( 1 . H 1 

1 . 0 

i 

(1  ,'M 

Cloud  parti*  le  si  xe  analyr.er 

*.  <>  t 

( H.(,  ) 

10.  0 

Solar  flux  radiomete  r 

1.  HI 

( -1.0  ) 

■1.  0 

}.*• 

(12:>) 

Planetary  flux  radiometer 

» » - 

( 5.  0 > 

0 

1 124) 

! iy promote r censor  electronics 

0.  -10 

( 0.  9) 

0.  1 

iT  i 

(212) 

A.  » elerotnete  r s 

1.  1 1 

( 2.  :>  ) 

1.  s 

if.  i 

(I'M) 

Aucroolc  extinction  detector 

1 . HI 

( -1.0  1 

2.  0 

\ 

/ 

Nepht  lonirtrr:  Source 

a.  44 

( 1.0  l 

Petcc  to  r 

0.  2 1 

( 0.  e | 

in 

(140) 

Klee  ironii  s 

0.  -1- 

< l . o ) 

1 , o 

ii  i 

(140' 

Mas*  spectrometer 

7 . 7 1 

(**7.0  i 

1H.  0 24.  0 

( ) 49 ) 

I1F  -ub system 

Kilter  (three) 

0.  77 

( 1.7  ) 

0 

Receiver 

0.  91 

( 2.0  > 

>.  0 

1 )H 

(149) 

Excite  r 

0.  01 

( 1.  0 ) 

4.  0 

Hybrid  ft  wo)  . 

0.  01 

(0.1  1 

0 

Cl rt  ulato i 

0.  i 1 

( 0.  2M 

0 

Prearrml  i tie  r 

9.  1 1 

( 0.  Jn) 

0.  1 

Power  amplifier  drive  (two) 

9.  oi 

( 2.  0 1 

i i.  4 

1 14 

• lt>0) 

Power  subsystem 

Mattery  pa*  ks  (three) 

i».  t.T 

,1-1.  7 1 

44.2  IS.  H 44.  >' 

ill 

(140) 

Regulator  current  sensor 

■i.  >i 

( li.  0 ) 

20.  5 21.1,  2 t . f. 

1 59 

(1  40) 

Bower  interface 

i.  n 

(2.ol 

t.  s 

1 }<> 

(140) 

Pv  r«>  swit<  h 

0.  f»8 

! 1.5  I 

0 

i 5° 

(1  SO) 

Command  data  subsystem 

Cor  mand  data 

i.ii 

(2.0) 

4.  S 

12  > 

( 1 2 S) 

i>(  i. 

1. 00 

(2.21 

1 rn nsjent  only 

N,\ 

Kquiprrce.t  • utu  y -tern 

Pre  -ere,  -'train  cumuc 

0.  0 « 

( 0.  2 I 

t.  5 

Ci  ‘-vitt  1) 

0.  44 

( 1.0  ) 

Tnlrtl 

>*,  > \ 

(HI.  9 i 

1 t,H.  0 1 .'i,.  ; 1 7 ->.  ,•> 

Swit»  he •*  ..it  n I in 
Svil.  hr'.  ,f  Km,  0 Km 
A Not  .» bin 
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T/.RLE  4.4-2.  THOR  / DELTA  SMALL  PROWL  PRESSURE  VESSEL  MODULE 
INTERNAL  THERMAL  REQUIREMENTS  DURING  DESCENT 


Equipment 

K1  c*  S S , 

kg  (lb) 

Power 

Dissipation, 

Watts 

Baseplate 

Upper  Temperature 
Limits , 

‘ K ( F) 

Science  subsystem 

Nephelometer 

0.45  ( 1 

0 ) 

1.0 

33  3 ( 1 0 > 

Magnetometer 

0.50  ( 1 

1 > 

1.0 

Pressure  sensor  electronics 

0.41  10 

9 ) 

0.  5 

333  il  o) 

Accelerometer 

0.  18  ( 0.  4 ) 

1.0 

36  3 <194) 

Temperature  sensor  electronics 

0.  34  ( 0 

.7  5) 

0.  5 

363  (194) 

RF  subsystem 

Power  amplifier 

0.45  ( 1 

.0  ) 

17.7 

334  (160) 

Exciter 

0.45  ( 1 

0 ) 

4.  0 

Stable  oscillator 

0.  34  ( 0 

.7  5) 

0.  25 

Command  data  subsystem 

Command  data 

i . 0 (2 

2 ) 

3.  1 

323  (125) 

PCU 

0.  2 3 ( 0 

5 ) 

T ransients  only 

NA 

Power  sub.- '/stem 

Battery 

4.  1 3 (9 

i > 

3 ’ 3 (140) 

Discharge  regulator 

1.59  (3 

5 ) 

5.  2 

339  (150) 

Power  Interface 

0.68  ( 1 

5 ) 

0.  4 

Pyro  switch 

0.68  ( 1 

5 ) 

Transients  only 

3 39  (150) 

Equipment  subsystem 

G switch 

0.  2 3 ( 0 

5 ) 

T otal 

11.66  (25 

.7  ) 

43.  75 

NA  — Not  applicable 


TAB1.K  4.4-3.  AT  I.AS/CKNTAUK  LARGE  PROBE  Pl< ESHU UK  V ESS  10 I 
MODULE  INTERNAL  THERMAL  REQUIU  KM  ENTS  1 ) II  R iNG  DESCENT 


Kquipment 

a omi  n.'il 
K i* 

Mass, 

(11)H) 

Nominal  Pnwei 
1 >i  .ssipat  is  mi, 
Watts 

|4.i.‘ -opiate  Upper 
Tempi* r.itu re  kimit, 
K ( F) 

Seiem  e 

Temperature  nensor  cleetrntiii  •- 

0.  1 

( O.f.b) 

0.  5 

12  5 

(125) 

lJrnf‘Mirr  soi»h«r  eloetrniHi  s 

0.  •) 

( 0.0  ) 

0.  f> 

125 

(125) 

Cloud  particle  size  analyzer 

5.  (>  H 

(8.0) 

20.  0 

’,2  5 

(12.5) 

Solar  flux  radiomete r 

2.  2^ 

(5.0) 

4.  0 

12.5 

(125) 

IR  flux  radiometer 

i.  25 

( 5.  0 ) 

1.  0 

125 

(12.5) 

Hydrometer 

0.  s 

(1.1) 

0.  25 

12b 

(125) 

Ac-  c-rleromcter 

1.1b 

(2.5) 

2.  5 

325 

(125) 

Mass  spectrorr.eter 

4.  or 

(20.0  ) 

12.0 

325 

(125) 

Gas  ehromatouraph 

i.f» 

( 8.  5 ) 

(i.  0 

125 

(125) 

Wind  altitude  radar 

4.  0 

( 8.  8 ) 

0 '40.  0 

125 

(125) 

RF  subsystem 

Exciter  rceciver 

2.  0 

( 4.4  ) 

7.  0 

125 

(1251 

Filter  TXBP 

n.  4? 

I 1,0  ( 

2.  0 

125 

(1251 

Filter  harmonic 

0.  05 

( 0.  1 ) 

0 

125 

(125) 

Cirrulator 

0.  1 1 

( 0.  25) 

1.0 

125 

(125) 

Transmitter 

Driver 

0.  20 

( 0.45) 

S.  2 

131 

(140) 

Isolator 

0.  1 1 

( 0.  25) 

0 

125 

(125) 

Output  amplit'ieis  (four 
units)  (per  unit) 

0.  54 

( 1.2  ) 

18.  5 

1 1 1 

(140) 

Three-way  summer  divider 
(two  units)  (per  unit) 

0.  0" 

( 0.  2 ) 

2.  0 

125 

(125) 

Power  subsystem 

Hattery  pac  ks 

ll.Qrf 

12'..  4 1 

» 7 • 7 ’<«  6 

125 

(125) 

Power  elec  tronic  s (di sc* ha r jje 
reuulator  and  power  interface) 

f). 

(14.0  t 

to.  0 44.  5 

125 

(1  251 

Command  data  subsystem 

• 

Command  data  l>ox 

,,, 

(4.1) 

e>.  it 

125 

(125| 

Pyro  control  unit  (PCU  and 
pyro  switch) 

1 . 1 « 

( 2.  (.  ! 

T ransient  only 

125 

(125) 

Equipment  subsystem 

Pressure  dauut' 

0.  0“ 

( 0.  2 1 

0. 

12.5 

(125) 

G switch 

0 . •!  5 

(1.0) 

0 

42*' 

(125) 

f ur  science  — thermal  design  ma."  ‘>0  permit  of  nominal  mas* 

'■  ■ir  sc ieiu t • thermal  design  pimi’r  fli-.sipalin.i  - 120  percent  of  nominal  power  dissipatic  n 
Antenna  mass  of  0.  b8  ki!  (1.  Pit  tin  luded 
Switc  h os  .*tt  40  km 
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internal  elec  trn  al  component  will  operate  at  a higher  lemperature  which 
depend;,  on  the  dissipation  within  the  component,  its  thermal  mass,  .mil  the 
• ornponent  to  baseplate  thermal  path.  Maximum  baseplate  temperatures  will 
oc  cur  at  impact.. 

Bec  ause'  the  descent  design  relies  on  the  heat  cnpai  italic  e of  the 
internal  equipment  to  control  the  temperature  rise,  it  is  desirable  to  start 
the  descent,  at  as  Iowa  temperature  as  is  possible.  The  lower  operating 
temperature  limit  for  all  pressure  vessel  module  internally  mounted  equip- 
ment is  (2()°Fl.  This  limit  is  set  by  the  batteries.  The  preentry  design 

described  above  provides  equipment  temperatures  between  -7°C  ( .-iD ° !•' ) and 
4°C  (4()*>F)  at  the  start  of  descent.  The  effect  of  the  entry  phase  on  internal 
equipment  temperatures  is  insignificant.  Considering  these  fac  tors,  the 
descent  design  analyses  assume  that  all  internal  equipment  starts  the 
descent  at  4°C  (10°F),  thus  allowing  for  the  uncertainties  in  the'  pre-entry 
analyses.  For  the  small  probe,  which  retains  its  deceleration  module 
during  descent,  aeroshell  heat  shield  initial  temperatures  are  based  on  the 
entry  analyses.  These  vary  between  38°C  (IOO°F)  and  316°C  (600°F), 
depending  upon  the  area  of  the  structure  in  question. 

The  descent  environment  is  defined  by  Venus  Atmosphere  Model  I 
described  in  Reference  4.4-1.  The  descent  phase  for  both  probes  begins 
at  an  altitude  of  69  km.  The  descent  ends  at  zero  altitude  or  at  a nominal 
planet  radius  of  b050  km.  The  descent  profiles  for  the  large  and  small 
probe  pressure  vessel  modules  are  presented  in  Figures  4.  4-2  and  4.4-3. 

The  initial  and  final  atmospheric  temperatures  and  pressures  are  228°K, 

9.06  atm,  and  767.5  K,  9 5.7  atm,  respectively.  The  atmospheric 
composition  is  assumed  to  be  100  percent  CCD. 

Atlas,  Centaur  Design 

Conservatism  and  minimum  cost  are  basic  requirements  for  the 
entire  Atlas/ Centaur  probe  design.  The  temperature  limits  for  the  pressure 
vessel  module  internal  equipment  during  descent  reflect  this  requirement. 

All  internally  mounted  equipment  will  be  maintained  at  less  than  or  equal 
to  52°C  (125°F)  during  the  descent  phase,  with  the  exception  of  the  trans- 
mitter driver  and  output  amplifiers  which  are  allowed  to  rise  to  60°C  (140°F). 
These  numbers  reflect  design  limits  which  do  not  require  the  implementation 
of  special  high  temperature  equipment  designs  and  the  assoc  iated  electrical 
component  qualification  testing.  Tables  4.  4-3  and  4.4-4  present  the 
internal  thermal  requirements  for  the  large  and  small  probe  pressure 
vessel  modules,  respectively.  In  addition  to  the  upper  baseplate  tempera- 
ture limits  outlined  above,  unit  masses  and  power  dissipations  are  presented. 
The*  definition  of  upper  baseplate  temperature'  limit  was  presented  in  the 
previous  section. 

The  thermal  environment  for  both  probes  prior  to  descent  is  estab- 
lished by  the  cruise  and  preentry  operations  and  spatial  orientation.  As 
with  the  Tor,  Delta  design,  it  is  desirable  to  start  the  descent  at  as  low  a 
temperature  as  is  possible.  Based  on  the  preentry  analyses,  1°C  (4('”F)  has 
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TABLE  4.4-4.  ATLAS ''CENTAUR  SMALL  PROBE  PRESSURE  VESSEL  MODULE 
INTERNAL  THERMAL  REQUIREMENTS  DURING  DESCENT 


Equipment 

Nominal 

kg 

Mass, 

(lb) 

Nominal  Power 
Dissipation,  : 
\Vatts 

Baseplate 
T emperatu 
1 K 

Uppe  r 
re  Limit, 
i r« 

Sr  • em c 

Neohelometer 

o.  45 

(1.0) 

1.0 

325 

(125) 

Pressure  gauge 

0.4 

(0.9  ) 

0.  5 

325 

(i  25) 

Accelerometer 

0.  18 

(0.4  ) 

1.0 

325 

(125i 

Temperature  gauge 

0.  3 

(0.  65) 

0.  5 

325 

(125) 

IR  flux  detector 

0.  5 

(1.2  ) 

1.0 

325 

(125' 

Stable  oscillator 

0.  34 

(0.  75) 

0.  25 

325 

(12-i 

RF  subsystem 

Exciter 

transmitter 

0.  64 

(1.4  ) 

4.  C 

325 

1 1 23) 

I 

Driver 

0.  20 

(0.  45) 

9.  2 

333 

1140)  | 

Isolator 

0.  1 1 

(0.  25) 

0 

323 

(125'  | 

Output  amplifier 

0.  54 

(1.2) 

16.  0 

335 

U40i  1 
1 

Command  data  subsystem 

i 

j 

Command  data  box 

1.  34 

( i.  4 ) 

4.  6 

325 

i 1 | 

Pyro  control  unit 

0.  54 

(1.2  ) 

T ransient  only 

325 

I12?i  J 
| 

Power  subsystem 

Batterv 

3.67 

(8.  1 ) 

16.  6 

325 

i i 25)  i 

Power  electronics  (discharge 

regulator  and  power  interface) 

3.  18 

(7.  0 ) 

9-8 

325 

(125) 

Equipment  subsystem 

G switch 

0.  2 3 

(0.  5 ) 

0 

325 

(125' 

For  science  — thermal  design  mass  95  percent  of  nominal  mass 

For  si  icm  e — thermal  design  power  dissipation  120  percent  of  nominal  power  di - s matin.'. 
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heen  m listed  i.-.  tin-  initial  internal  equipment  temperature  at  t lie-  start  nf 
lescenl.  Thin  allows  for  un<  e rta  lnties  Ln  1 1n  ■ preenlry  analyst  Small 
probe  initial  .iernshel)  / heat  shield  temperatures  arc  baser!  on  the  entry 
inalyr.cr-  .inti  vary  between  ( I •)()*’  I*  ) and  S 1 f > 1 ’ < . (f>00  *!•*),  depending  upon 

the  .T'i'rt  of  the  st  rin  lure  in  question. 

The  descent  environment  is  defined  by  Venus  Atmosphere  Model  l 
described  in  Reference  i,  1-1.  The  descent  phase  for  both  probes  begins  at 
an  altitude  of  (i?  km  and  ends  at  zero  altitude  or  at  a nominal  planet  radius 
of  tiOaO  km.  The  descent  profiles  for  the  large  and  small  probe  pressure 
vessel  modules  are  presented  in  Figures  4.4-i  and  1.4-7.  The  initial  and 
final  atmospheric  temperatures  and  pressures  are  2 75  K,  w.  09  atm,  and 
767.  5°K,  97.7  atm,  respectively.  The  atmospheric  composition  is  assumed 
to  be  100  percent  CO^. 

Thermal  Control  Trade  amt  Test  Results 

The  thermal  control  design  of  the  probe  pressure  vessel  modules 
during  descent  (from  ~70  km  to  the  surface)  is  based  on  the  results  of  a 
number  of  trades  and  tests  performed  during  the  study.  A chronology  of 
these  trades  and  tests  is  presented  ir  Figure  4. -4-4.  This  figure  will  aid 
the  reader  in  understanding  the  evolution  of  the  design  tor  both  the  Thor/ 
Delta  and  Atlas/  Centaur  baselines. 

The  Thor/  Delta  design  was  established  following  the  completion  of 
all  but  one  of  the  trades  and  tests.  This  occurred  shortly  after  the  midterm 
review.  Because  of  this,  the?  design  reported  herein  represents  a refined 
version  of  the  design  presented  at  the  midterm  review. 

The  Atlas/  Centaur  probes  thermal  design  for  the  descent  phase  of 
the  mission  was  established  based  on  the  results  of  the  final  trade.  This 
trade  reanalyzed  the  concepts  examined  in  an  earlier  trade  using  a set  of 
more  detailed  and  updated  design  information.  The  conclusions  that  were 
reached  totally1  revised  the  probes  thermal  design.  By  implementing 
this  major  revision,  the  thermal  design  helped  to  achieve  the  basic  Atlas/ 
Centaur  requirement  of  cost  minimization. 

Insulation  Material  Selection 

This  study  investigated  possible  external  insulation  materials  for  the 
large  arid  small  probes.  The  insulation  would  be  used  to  maintain  the  probe 
pressure  vessel  and  payload  within  an  acceptable  temperature  range  during 
the  atmospheric  descent  phase.  The  Venusian  surface  conditions  wore 
taken  as  1 t'O  percent  CO^  at  97.7  atmospheres  and  494.  V’C  This  environ- 
ment represents  a set  of  requirements  that  are  unique  to  the  Pioneer  Venus 
program;  thus,  performance  data  is  scarce  and  material  development 
(towards  this  application)  has  not  Lv'en  done. 

The  activity  included  a review  of  the  mission  requirements,  a 
literature  search,  a re\'ow  of  previous  efforts  in  tins  srea,  and  the 
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FIGURE  4.4-4.  PROBES  THERMAL  CONTROL  DESIGN  CHRONOLOGY 
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i il  1 ci  I Lon 
1 ..iter  La  Is  : 

it  informal  ion  on  the  materials  which  were  rn  oiv.mended.  Tin- 
aiggestcd  , andidates  in  order  i ' preferetn  <•  were: 

1 » 

M in  - K 1 1 

i 1 I'M) 

Zt 

FA  Filler 

ul.l  s ... 

3 J 

1 *a  la  fit  e 

1 In 

materials: 

• to  I low  ing 

-el  of  requirements  were  defined  for  the  insulation 

• 

Tlirrma  1 
phase  pn 

- The  thermal  requirements  are  dictated  by  the  descent 
assure  and  temperature  time  histories 

• 

Dynam  ic 
are  gene 

••  Various  vibration,  shoc  k and  acoustic  environments 
rated  during  the  launch,  separata. n,  and  entry  events 

r 

All  generic  typos  of  insulation  materials  were  considered  with 
the  exception  of  multilayer,  which  requires  a vacuum  for 
efficic  nt  performance 

• 

Desirable  properties  arc: 

I)  Low  thermal  conductivity 

Z)  Low  density 

3)  Low  outlets siii): 

1)  Mechanical  stability 

5)  Fabric-ability 

6)  Dimensional  stability 

7)  Loan  term  vacuum  compatibility 

8)  High  bearing  strength 

9)  High  shear  strength 

10)  High  speciic  heat 

II)  1 .ow  cost 

The  significant  properties  for  the  thermal  insulation  are  the  same'  tor 
the*  Atlas/ Cientaur  and  the  Thor/ Delta  launch  vehicle. 

The  search  for  candidate  Insulations  began  in  January  1070  and  has 
fonlinucd  since.  Direct  contacts  wort'  made  with  approximately  lb  vendors 
and  the  Defense  Ceramic  Information  Center. 
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TABLE  4.4-5.  CANDIDATE  INSULATIONS 


— 
Min-K  TE  1400 

j-'A  Fiberglass 

Paralite 

Desc  ription 

Opacified,  fibrous- 
reinforced  submicron 
molded  silica 

Felted  unbonded 
fiberglass  batt 

1 

Carbon -bonded  silica 
fibers 

Supplie  r 

J ohns  -Manville 

HITCO 

Union-Carbide  (AEC) 

Chemical  composition 

>8  3.  Z percent  SiO^ 
>15.8  percent  TiO^ 
(computed) 

1 3 percent  carbon 
87  percent  silica 
(variable) 

Maximum  operating 
temperature,  ‘C 

760 

650 

1 095  | 

Fabrication  technique 

Machine  or  have 
molded,  or  both 

W rap 

Machine  or  have 
molded,  or  both 

Porosity 

85  to  88  percent  (TE 
1Z00) 

7 5 to  95  percent 

Outgassing 

Weight  loss  <Z  percent 
(water  only) 

Weight  loss  <Z  per- 
cent after  10  rnin 
at  649c  C 

Free  standing  p,  g/cc 

0.  3Z0 

0.  061 

0.  1 1Z  to  0.  51 Z 

Conductivity  (\V/m/*'K) 
at  T - 4Z7‘C,  P -•  1 atm 

0. 033Z 
p=  0.  3Z0 

0.  077  9 
P=  0.  096 

0.  056Z  (in  arson) 
0. 160 

pk 

0.  01 06 

0.  007  5 

0, 0090 

Specific  heat,  j/kg/cK 

0.  96  x 103  at  Z50e  C 
(1 301) 

0.  98  x 103  at  Z50  C 
(19.  Z percent  carbon) 

Strength 

Composite  strength 
1 0 percent  — 1 Z 3 
kg  'cm^  J -M  data 

Not  load  bearing. 
Bearing  strength  — 
150  g 

Composite  strength 
(p  ~ 0.  184)  10  percent  — 
6 3 kg  ' c m4' 

Dynamic  load  resistance 

Some  J-M  uata 

T ested: 

Vibration  500  Hz 

Shock  70  s 

Acceleration  ZOO  s 

I 


■I,,,-...  formal  I itcralurc  «*rchc.  »•  employed  for  .1.1.  mrvn> 

, , NASA  I.itcr.nturc  Search  No.  2(1221  . "Insulnung  M»ll'rialS  Knr 
Venus  Probes",  1 10  citations 

Z)  NASA  Literature  Search  No_l9«6.  "Venus  Probes",  245 
e it  at  ions 
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* addltu.  n,  other  library  sources  such 
"Sc  ientific  and  Technical  Acrospacc  Reports  . lnt^  examined. 

Abstracts'  , and  "Applied  Science  and  Technology  were 

The  only  applicable  thermal  conductivity  tes^t  data  ^PO^l  in ^the  ^ 
public  literature  are  the  Avon  results  from  the  Planetary  P J 

(Reference  -1.  1-2).  In  thts  test  program.  Mm  ^ ft  small 

-/done  by  Hughes  during  the  Pioneer  Venus 
proposal  effort,  namely  Min-K  TE  1400  in  N2. 

Based  on  the  past  and  Itudmd  in 

test  data  available,  the  material  h ^ a 8ummary  of  the  available 

detail  are  shown  in  Table  4.  4 5,  at o g screened  on  the  basis 

information  of  interest.  AH  materia  , which  considerations  such 

of  their  density  (p)  - conductivity  k)  pi oduct , af^r  ^ wprc  judg€(d. 

as  installation  and  ^por La’^  r \^s  that  the  pk  products  cannot  be  evaluated 
One  difficulty  with  this  approach  is  that  the > p\  bccausr  virtually 

a^acuunt  or  at  one  atmosphere  Of  air. 

The  Min-K  ,n.l  Pararite  materials 

properties  with  the-  Pararite  having  e Tru-tlcs . all  having  different 
The  P ■ la  rite  can  be  molded  in  differ  Min-K  is  opacified  so  its 

densities,  porosities  and  conductivi  “•  temperature.  The  fiberglass, 

it  would  be  layered. 

The  conclusion  of  this 

be  given  considered  the  prime  candidate, 

^.^“pHn.  ipali,  on  its  lower  ospected  thermal  conducttv,.,. 


External  Versus  Lnternal  Insulation  1 radoj. 


■I  he  two  basic  options  of  internal  vrm. 
tec  lion  for  the  probe  equipment  were  ™ *1  ! ase  covered  with 

rations  both  inc  lude  a titanium  pro ' . • nin  ’ nll,lt.ilayer  insulation  (MI.l), 

around  IhVinternal1  payload.  vacuum  would  be-  provided  for  the  M El  so 
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that  Us  insula l ing  properties  far  exceed  dial  ol'  the  porous  Min-K,  whic  h is 
expo  sot!  10  I ho  high  prossuro,  high  toniprraturo  CO(> . 'I  ho  advantage  in 
lavor  of  the  external  insulation  i-  that  the  shell  weight  is  much  lower,  due 
noth  to  the  better  struc  tural  prope  rties  at  the  lower  temperatures  and  the 
ecc  ■ cased  diameter.  ! he  advantage  in  favor  of  the  internal  insulation  is 
that  insulation  weight  is  lower,  due  both  to  the  lower  density  and  the  smaller 
t uc  cness  required.  1 he  tradeoff  was  based  entirely  on  the  resultant  weight 
totals  ot  the  shell  and  insulation,  and  the  combined  penetration  conduc  tance 
was  parameterized.  Cost  comparisons  and  differences  in  the  uncertainties 
were  ignored.  1 he  critical  assumptions  affecting  the  results  and  the 
interpretation  of  those  results  arc  the  MCI  effective  omittance,  the  shell 
weight  for  the  internal  insulation  design,  and  the  penetration  conductance. 

I hi®  configuration  tradeoff  was  done  early  in  a study;  the  thermal 
morels  were  very  simple.  The  external  model  had  seven  nodes,  five  of  Hiem 
) op  resenting  the*  insulation,  one  the  atmosphere  and  one  combining  the  cana- 
citance  of  tne  equipment  payload  and  the-  shell.  The  internal  model  had  only 
throe  nodes,,  including  separate  nodes  for  the  payload  and  shell.  The  probe's 
initial  temperature  was  4°C  (40°F)  and  the  upper  temperature  limit  was 
assumed  as  52  C.  (125  F).  Those  values  represented  the  descent  operating 
temperature  limits  in  effect  at  the  time  of  the  trade.  The  descent  profile 
was  i 2.  4 min  long  from  an  altitude  of  c>8  km.  The  example  used  was  the 
F,  c Wlth  a payload -weight  (including  internal  structure)  of  44.0  Kg 
(96-0  lb),  a power  dissipation  of  155  \V,  and  a pressure  vessel  or  ML.I 
inner  diameter  of  53.8  cm  (21.2  in.). 

The  external  convection  was  modeled  using  the  scmiempirical 
relationship 


Xu 

2 * . 60  He  1 Pr 

where: 

Nu 

Nussclt  number 

ft  e 

Reynolds  number 

Pr 

Prandtl  number 

1 * ' cn 'lr 'ation  conductance  terms  (G  ) were  handled  in  a simplified 
manner.  [he  design  concepts  for  the  penetrations  for  either  model  were  not 
defined  at  the  time  of  the  study.  Consequently,  the  conductance  terms  for 
uotn  modc’ls  were  varied  from: 


CSC 


‘h  I’-l  watts  , 5 13 to  , 

x °C  ' X m - ~ 


chere 


X insulation  thic  kness  in  c cnliineters  (inches) 


A c-ondut-tanco  value  of  zero  represents  a c ompletely  insulated  sphere.  The 
latter  value'  was  assumed  to  be  the  upper  bound  for  this  trade. 
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,,u.  MI.I.  was  i ha  r.'ii-lcri/a'd  by  computing  an  cff«<  Uve  .mUtam  r 
bard  °n  ''^’^Xula!^  '(lot  a S Ut  "ratur,  whu h , 


empirical  data. 

when  appropriately  moditiccl,  < ' ‘7Vn. 77a  vcr  ‘ don  s it  ^ bit  we  en  16  (40)  and 
This  lunciion  was  assumed  to  hold  or  '^Corresponding  mass  densities 
V)  (\00|  layers  per  centimeter  (inch).  Ihe.orr.  spon  * -ru, 

were  0.0  3 g/  ci 


(1.92  lb  ft ' ) 


r (inch).  ine  rorrenpui  >min  ....... 

and  0.08  g/cc  (4.8  lb/ ft*)  respectively. 


density  of  the  Min-K  was  0.  32  g/ci 


(20  lb/'ftP  i. 


■ . 1 i j tomner aturcs  as  a function  of  insulation 

Terminal  internal  payload  tempi ratu  FiaurCs  4.  4-5  and  4.  4-6 

thickness  and  penetration  com1 hictanc.e arc  ations  ‘ respectively.  Over 

for  the  external  and  internal  msu  a i h thickness  requirements 

insulation^  mas ses  £*Vfcncfi2."  insulation  thickness.  Masses  ion  both 
MIT  layer  densities  are  shown. 

masses  of  the  two  candidate  configurations, 
To  determine  the  relative  masses  o ^ penetration  conduc- 

it  was  necessary  to  make  an  asstimp  f the  two  configurations 

tances.  The  penetration  design,  are  dl«e«nt-Iar  uircmcnt8..  To  simplify 

resistance  through  the  pressure  vessel  wall.  me  res 


0.  2 3 


W 


0.  44 


Btu 

hr°F 


which  fails  within  the  parameter  range. 

C.  53  W / J_ 

'o  " X °c  X 


0 


Btu 


V.! U30.r>’ 

and  25  kg  (55  lb. ). 

For  the  internal  model  the-  penetration  closure  flange  to 

similar  adapter  rings  extending  through^  J ) prth  with  an  0.  0^  cm 

the  equipment  shelves.  fhis  r^Sl  conductance.  For  maximum  conductance, 

«•  10  the 

Uon  thickness.  The  parameter  range  is  cht  n betwf  en. 


1.  32 

x" 


W 

°c 


2.  5 

X" 


Btu 

hi®F 


P - 


2.  64 
X 


vv 

-®T: 


5 

X 


Btu 
h r ° (• 
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PAYLOAD  TEMPERATURE  AT  IMPACT 


200 


120 


30 


90 


60 


30 


7 4 6 8 

CENTIMETERS 


INCHES 

INSULATION  THICKNESS 


figure  4.4-5.  external  insulation  configuration  - payload  temperatures  at  impact 

VERSUS  INSULATION  THICKNESS 
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FIGURE  4.4-6.  INTERNAL  INSULATION  CONFIGURATION  - PAYLOAD  TEMPERATURES  AT  IMPACT 
VERSUS  INSULATION  THICKNESS 
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TOTAL  MASS  (SHELL  * INSULATION), POUNDS 


INSULATION  THICKNESS 

FIGURE  4.4  7,  TOTAL  MASS  (SHELL  AND  INSULATION!  VERSUS  INSULATION 
THICKNESS 
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|n)98T-€S!0t 


m ( 1 . 1 in.  ) *n«l  0H  rm 


t — 


•*• '-"  &> m »• 


■I-  itMi . from  . -r,  , . ■ 

0 in.  ).  Tin-  range  of  to1«l  weights  i*» 

or  the  lower  IV  1. 1 density. 

i the  two  conf-ig-u-rnti  ons  shows  a favorable 

Corn  pi*  r i son  ol  t.hc»  rn.i^s^.  • -.Ithouch  Tor  lht»  lower 

nnrfcin  for  the  externally  msulate<  con  ^ is’  j^hur.  Considering  the 

..•net ration  eondu<  tance  values  u:  structural  penetrations  required 

arse  number  of  scientific  ’that  the  external  configuration  would 

n the  probe  , it  is  roasonab! y eerbvm «£h  wouid  offeet  the  MU  design 
iave  the  lo.ver  mass.  1 wo  o.h  r < the  vacuum  requirement  and 

,ut  were  not  accounted  for  in  this  trac  Providing  a vacuum  could 

he  as  .installed  expected  performance  of  the  MUi  between  the  ML1  and 

u!  accomplished  by  adding  a seramd,  thin  pr^su^  . ^ also  bc  accornphshed 

he  payload,  which  means  ex  ra  we  g , en  that  would  be  open  during  the 

jy  adding  a pyrotechnic  vent  valve  in  emittancc  of  the  MLI 

-raise  phase  and  bc  closed  prior  to  entry  ^ curvature  and 

.s  probably  optimistic  because  of  the  sma  f considerations,  the 

ligh  ratio  of  seams  and  penetrations  Based  on  all  baseline. 

external  insulation  concept  was  selected  as  the  mo 


Phase  Change  Materials  (PCM). 


The  basic  concept  of  the  probe's 

lance  of  the  internal  structure  and  pay  1 £ t vessel  and  penetrations 

pated  by  the  payload  and  coming  ^ fs  designed  to  limit  the  amount  of  entering 
from  the  atmosphere.  c PP  . _ 0f  insulation.  An  alternate 

enerpy  to  an  allowable  Uvel  through  th  losd  with  PCM.  PCM  has 

approach  is  to  pUnMary  atmospheric  pr-oba  studies 

been  proposed  tor  most  p i i mnauitancc. 

because  of  its  very  efficient  technique  to  add  capacitance. 

, n.  pvnerience  with  PCMs,  it  has  been 

Although  there  has  been  some  “ g ckagC  designs  have  been  heavier 
with  the  loss  efficient  materials  and  * P ’a  5 pac  kage  designs  which  was 
than  necessary.  The  information  on  PCMj,  an  pa : g document3  somc 

--i^tt^S^^thi^piicaifon. 

The  PCM  could  bc  integrated  into  ^ ^ * e quipm ent , it  could 

could  be  used  to  fill  the  voids  between  th  ^ rQr  iL  could  be  contained  within 
be  contained  along  the  inbf  ar  si  e 0yt  efficient  design  would  use  the  pCM 

the  honeycomb  shelves.  1 ro,baV?  either  high  power  dissipations  or  low  upper 
only  for  the  few  components  be  contained  in  an  integrated 

with  UmT^ponent;  sharing  the  base  plate. 

This  analysis sum ed  that  aTmoclei 

components.  The  PCM  was  tnt.oxp  • the  specific  and  latent 

£S  2S  -p  lts 

higher  power  to  mass  ratio. 
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I 


'1  hr  P 


( I i NO  i tUrt,U‘  tr‘,<U,0,r  Wi‘«  ultra  te  tr  ihy(1r,U  <• 

12C')»  wlm,>  appears  to  hr  thr  best  material  for  ll  V 

Jts  siRnjf leant  properties  art*  an  follow*: 


us 


applii  at  ion. 


Melting  temperature 
I (eat  of  fus ion 
I density  (solid/liquid) 


-9.  9°C  (89.  8°1.') 


3.  02  X lO'1  •> 


(U7.  3 BTU/lb) 


1.  59/1.  4 3 g/cc  (96.  8/89.  3 Jb/ft5) 


The  criterion  for  the  tradeoff  was  the  sum  of  the  masses  of  the  pressure  vessel 
insulation  and  PCM  required  to  limit  the  inside  of  the  probe  to  52°C  (1 ft 

mKaUrLf^  — “ »•“»>*«  «.«  co„«!Ser  ,„,1  ULm  ’ 

there  ?a „ i requirements.  Because  of  the  small  volumes  of  PCM  involved 
vessel  F0  C • ’ T a mass  penaltV  f"r  **tra  volume  in  the  pressure 

20  32  cm  n bv  8 fnaV°n  *?r*°ae8  the  PCM  interface  area  used  was  7.  62  by 
( y 8 -n.  ),  whu.h  was  representative  of  the  power  amplifier. 


The  baseline  design  used  for  comparison  was  the  one  used  a*  the  mid 
term  review,  which  had  7.  5 kg  (16.  5 lb.  ) of  insulation.  Adding  various 
incremental  masses  of  PCM  yielded  the  results  shown  in  Tab"!  No 

?he  oZ^?tCKd  ^ mrer  matCrial  b—  ^e  small  PCM  thickness, 
of  PCM  COmblned  mass  aPP^rs  to  be  at  slightly  over  0.  9 kg  (2  lb.  ) 

the  ba^dine  design.56  * SaVingS  °f  approximately  2.  7 kg  (6  lb.  ) over 


PC^  Wasi,  considered  on  the  Thor/ Delta  probes  because  of  the  mass 

cxpected^fpCM  ia  e;  H°wov,tr’  significant  developmental  costs  are 

baseline  Thor/ Dolt  “T  • B^t:ause  of  this  PCM  was  not  made  part  of  the 
asume  Thor/ Delta  design  but  remained  a possible  alternative  control 

assoeff*,  lWltH  the  ad°Ptlon  the  Atlas/Centaur  launch  vehicle  and  the 
associated  low  cost  design  philosophy,  PCM  was  dropped  from  further 
consideration  because  of  the  high  expected  costs. 


TABLE  4.4-6.  PCM  AND  INSULATION  MASS,  kg(lb) 


PCM 
Filler 
Containc  r 
Total 
Insulation 
'Total 


__  L 


0.45  (1.0) 

0 

0.16  (0.  36) 
0.61  (1.36) 
5.31  (11.7) 
5.92  (13.06) 


0.  90  (2.0) 

0 

0.19  (0.41) 


1.09  (2.41) 
3. 90  (8.6) 
4.99  (11.01) 


1. 36  (3.0) 

0 

0. 21  (0.46) 

1.  57  (3.46) 
3.  58  (7.9) 

5.  15  (1  (.36) 
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External  and  Internal  C lonyeel  ion 


Convention  is  a prime  inode  of  heat  transler  during  the  dem  ent  ph.me 
of  the  mission.  Determining  the  appropriate  methods  ol  cpinnt  its  tin*  these 
convection  parameters  was  an  important  part  ol  the*  analytical  effort.  I Ids 
section  reports  on  how  the  eMern.il  and  internal  convection  terms  were 
calculated  for  the  analytical  models. 

External  Convection.  The  Venusian  atmosphere  represents  the  primary 
heat  load  on  the  prolies.  The  convection  lieat  transfer  hetwi'en  Inr  atmosphere 
and  the  probes  must  he  quantified,  l'or  the  large  probe,  the  eonvcilion 
coefficient  was  predicted  using  the  semi-empirical  relationship 

Nu  S Jgi-  2.  + 0. 60  Re  1 12  J r ] 7 3 

where 

Nu  Nusselt  number 
h = convection  coefficient 
d - sphere  diameter 
k --  gas  conductivity 
Re  - Reynolds  number 
Pr  - Prandtl  number 

which  is  for  forced  convection  over  a sphere  submerged  in  an^  infinite  iliiid. 

In  this  application  the  coefficient  gets  as  high  as  17.0  X 10  W /cm  - UC 
(?1  BTU/hr-ft^  -°F).  This  average  coefficient  was  used  for  all  positions 
on  the  probe  surface. 

For  tli c small  probe,  the  external  areas  of  the  heatshield  and  the 
aeroshell,  as  well  as  the  pressure  vessel,  must  be  convectively  coupled  to 
the  atmosphere.  For  the  heatshield  and  aeroshell,  the  heal;  transfer  coefficient 
to  the  Venusian  atmosphere  was  assumed  to  vary  linearly  with  time  from  0.5  t 
X 10-3  to  28.3  X 10~^W/cm^-°C  (1  to  50  BTU/hr-ft*--  F).  The  coefficients 
between  the  aeroshell,  the  lower  pressure  vessel  hemisphere,  and  the  enclosed 
gas,  as  well  as  between  the  enclosed  gas  and  Liu?  atmosphere,  were  assumed  to 
vary  linearly  with  time  front  0.57  X 10“3  to  2.83  X HI"  JW/cm  - ‘t  (1  to  a 
DTU/hr-ft^ -°F).  Those  values  wore  based  on  the  average  coefficients  cal- 
culated for  the  large  probe.  The  coupling  for  the  upper  pressure  vessel 
hemisphere  was  determined  using  the  semi-empirical  relationship  lor  a sphere. 

Internal  Convection.  The  baseline  design  has  assumed  an  internal 
atmosphere  of  air  at  i atm  pressure.  This  condition  exists  because  ft  is  the 
local  environment  when  the  probe  is  sealed  prior  to  launch.  Although  this  is 
a free  convection  environment  and  the  probe  is  very  densely  packaged,  the 
temperature  differences  between  the  pressure  vessel  and  the  components 
get  large  enough  to  make  convection  significant. 

Because  the  geometry  inside  the  probe  is  a variety  ot  flat  and  curved 
surfaces  at  different,  angles  to  one  another,  the  coefficients  cannot  be  pre- 
dicted very  accurately.  The  applicable  correlations  ha'  e one  of  three  forms. 
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1 u? I* «•!■*•» 


or  *n  ‘fit 


I 


where.' 


1) 

Nil 

1 (£*r, 

.i.  l()3) 

2) 

Nu 

X 

6 | ( j 1' 

, 1/4  Prl/4 

(in3*: 

Urs 

i o‘J) 

3) 

Nu 

X 

S G;- 

, 1/3  Prl/3 

(ios-: 

■Gi-x 

< 107) 

Nu 

\ 

Nus.se 

It  number, 

has  ed 

on  a 

;epn  ration 

distance, 

GrN 

Grashof  number, 

based 

Oil  i 

reparation 

distance, 

Pr 

Pranclt  number 

Cj  and 

C2  “ ‘ 

:onstauts  or 

functions 

of  characteristic  lei 

The  subscript  x refers  to  the  separation  distance  between  the  surfaces. 
The  appropriate  correlation  is  selected  eased  upon  the  value  of  the  Grashof 
number  (Grx)  and  the  orientation  of  the  surfaces  with  respect  to  the  gravity 
field.  The  first  relationship  (i.c.,  Grx  s,  10-*)  applies  to  surfaces  that  arc 
close  together  (compared  to  the  characteristic  length  of  the  surfaces).  Here 
the  mode  of  heat  transfer  is  actually  gas  conduction  rather  than  free  convection. 
The  third  relationship  applies  to  surfaces  that  are  separated  by  a large 
distance^  The  second  relationship  holds  for  the  majority  of  cases  where  an 
intermediate  amount  of  separation  exists-compared  to  the  characteristic 
length.  This  represents  the  conditions  which  are  usually  found  within  the 
probes.  A notable  exception  is  the  hot  insulation  retainer  over  top  shelf. 

This  condition  results  in  only  gas  conduction  without  free  convection. 

A number  of  coefficients  have  been  computed  for  different  orienta- 
tions, separation  distances,  characteristic  lengths,  and  temperature  dif- 
ferences. The  results  indicated  a range  of  convection  coefficients  between 
two  surfaces  (hx)  of  0.  03  X 10-3  w/cm^-Of:  hx  < .57  X 10-3  W/cm2.oc 
(0.06  BTU/hr-ft^ -°F  ^ hx  £ 1.0  BTU /hr-ft^ -°F ).  The  convection  coefficient 
between  a surface  and  the  internal  air  (h)  can  be  represented  as  twice  the 
coefficient  between  two  surfaces  (hx). 


For  most  of  the  descent  phase  the  coefficients  would  be  close  to  zero 
because  the  temperature  differences  between  svirfaces  are  small.  Because 
of  this,  most  values  of  hx  fell  in  the  lower  middle  portion  of  the  range.  For 
purposes  of  analysis,  one  value  of  h = 2 hx  was  conservatively  selected  for 
use  in  the  models.  This  value  was  hx  = 0.28  X 10-3  W /cm“-°C  (0.5  BTU/ 
hr-fc^-°F)  which  is  equivalent  to  an  h = 0.  57  X 10-3  W/cm2 -°C.  (1.  0 BTU/ 
hr-ft^-°F).  This  could  be  considered  to  be  a one  sigma  high  value. 


The  effect  of  varying  the  internal  convective  coefficient  (h)  lias  been 
investigated  using  the  Thor /Delta  large  probe  model.  The  effect  of  increas- 
ing and  decreasing  the  value  of  h on  the  thickness  and  mass  of  external 
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. . Mr  -1  V-7  Details  of  Lin*  baseline  design 

insulation  n..u<Unl  i.  »> Tw/"  (7.0  - 

in ’thr  Thor  / nVlta’and  Atlas /Centaur  des.  JM’>' 

Two  additional  design  ‘ ‘"T XXTtTc'X'"  The  fir", 
oi  thr  warm  air  aLinosphere  ms  u ‘ ‘ hlr  ()f  operating  nndrr  conditions 

of  those  is  that  all  equipment  must  In  1 ^ jnt.  in  internal  pressme 

ol  l to  2 atm  of  pressure  during  descc.  • cU,soont.  At  this  Um-,  »>•>« 

will  be  causal  by  the  heaUnjt  otjMc  .ui ^ * h 

condition  does  not  appear  to  . it.alt  any  I 

The  second  effeot  which  must  he  ^ 

mass  (i.e.i  approximately  /.ero  L!'°™XgU-  Virus  or  electrical  components) 
by  the  air^  Low  mass  \tom“  equipment  will  tend  to  track  the  an 

which  are  not  heatsunk  to  ^rttctuic.  q fc  failures  near  the  ‘-ml  of 
temperature.  This  could  mduceju^  approximately  232«C. 

descent  when  the  internal  ail i -c  internal  pieces  of  equipment  arc 

Sts2  £«  *£  problem  can  be  totally  avoided. 

n m . i nti  - » Window  Heating 

u ,ai  shorts  through  the  insulation, 
Penetration.  The  ponctratioi  s,  and  electrical  connectors  and 

fall  into  thre  e catcRoness  science,  ^ penctrations  on  the  shell 

electrical  connectors  and  leads.  function  of  the  insulation  tbickne-  , 

and  eomponent  temperatures  is  a sUon^^  ^ q£  heat  storing  the  probe. 

since  the  thickness  largely  dc  ‘ integrated  to  minin.i/e  their  neat 

These  penetrations  were  designed  and  mcegr 
transfer  as  much  as  possible. 


TABLE  4.4-7 . 


^SUUATXOK  U.SSSS  INTERNAL  CONVECTION 


■ — ] 

[ K.,  n 

W / cm“-  C 

Btu/hr-ft<i-°C 

Insulation 
Thickness , 
cm  (in. ) 

Insulation 
Weight, 
kg  (lb.) 



0 

0,57  X 10"3(1*  °> 
0.85  X 10-3(1.  r’) 

0. 51  (.20) 

1.  14  (.45) 
1.42  (.56) 

1.6  (5 . 6) 

3.7  (8.  1) 
4.6  (10.2) 
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Moili-li  nii  Ml  tlm  p.  n.  tr  .lion  heal  iransu-r  was  ‘ ° " 1,1,1 1 “ 

()llK.  Alilumel.  heal  ^ ill  Ik-  transferred  by  and  .adn  non 

Iron.  Il.e  window;,  tin-  amount  is  nrj;  li  i bl«-  by  ron.pa  ri  son . Also,  sonii. 
,.,i,.,uy  will  fill  e r i h rough  llw  pressure  taps  and  mass  sp.-rlrom.-t.-r  m n . 
but  tins  i.,  ronsidrml  to  Ik-  i ..sign,  fieant . Tlu-  pmH  ralmn  values  used  ■ 

Ull.  nuub  ls  wr.nl  with  insulation  thickness,  e xternal  i-onveclion  ...rllunnl, 

i ondtu  l i vil y i and  alt  i t mb' . 

Windows  and  Window  Healing.  A .substantial  a nalvt  ica).  offm'  > 

(lin  at, -.Now. -ml  I lit-  design  of  tlu-  various  scientific instrunuml  ' ”‘l 

tlu-  cb-U' rmination  of  llu-ir  healing  requirements.  i-  roni  a tlu'imal  i 
standpoint , tlu-  two  )>rinu-  concerns  wi.-rt-:  1)  limiting  the  boat  transit  t 

through  tin-  insulation  cutouts  caused  by  tin-  windows , and  2)  mmnm/o  g 
Hu;  power  requirements  for  maintaining  tlu-  outer  windows  surUres  at  a 
high  enough  temperature  to  prevent  condensation  trorn  the  aim  os  pie  e. 
Because  no  firm  requirement  existed,  it  was  decided  to  maintain  the 
windows  6°C  ( 1 0°F)  higher  than  the  local  atmospheric  tempciature. 
two  objectives  are  interrelated,  and  they  were  treated  jointly. 

The  two  general  window  mounting  configurations  considered  in  the 
analyses  were: 

1)  Windows  mounted  in  the  plane  of  the  pressute  ' essi 

1)  Windows  mounted  on  short  tubes  extending  nutbor«._  i'no 
ttro  atm  o s ph  ere. 

A window  mounted  directly  in  the  ,aani  of  >ho  pressure  ve  ssel  in  s 
a relatively  good  heat  conduction  path  tc  the  high  thermal  lapan^m  a 

pressure  vessel  wa!U  Because  of  this,  window  heater  requirements  .re 
large  and  heat  loss  reduction  is  important.  To  reduce  losses  and  m ate i 
size,  a window  is  designed  to  have  a minimum  diameter,  a tain  m.r 
window  is  added  to  minimize  the  convection  and  radiation  to  1..-  mL..rn 
payload,  the  window  support  flange  is  coupled  to  the  external  env  on 
to  raise  its  sink  temperature,  and  a small  annulus  of  insulation  is  added 
S.M  pressur.  L.cl  doubler  urea.  Additional  »'rncturaMh.ckno.ss 
is  also  required  around  pressure  vessel  mounted  windows  to  handle  the 
temperature  gradients  which  exist. 

Mounting  a window  on  short  tubes  extending  outboard 
phcrc  thermally  decouples  it  from  the  pressure  vessel.  This  lower-  tht 
heater  power  requirements.  Another  benefit  from  tins  approach  is  the 
lowering  of  the  temperature  gradients  in  the  pressure  vessel  w ha  h mini 

uu-  thickness  required  to  meet  structural  criteria.  As  a lcsult, 
most'oi  the  windows  are  designed  in  this  fashion,  although  each  has  a unique 

design. 

Window  heater  power  must  be  sufficient  to  raise  the  temperature  of 
the  window  mass  and  account  for  the  losses.  The  losses  consist  of  the 
following: 
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1)  Convection  and  radiation  to  the  atmosphere 

2)  Convection  ami  radiation  to  the  payload 

l)  Conduct  io-n-Ui  tile  support  structure 

Detailed  conputer  models  of  tlu;  window  wort;  constructed  for  four 
different  designs  which  represent  the  Thor/Delta  baseline  t onfigurations: 

1)  Ncphelomeler  source;  sapphire,  0.89  cm  (0,  3d  in.)  total 
diameter,  0.15  cm  (0.06  in.)  thick,  brazed  window,  O-ring 
seal  at  fitting  (Figure  4.4-8) 

2)  Planetary  flu:;;  CVD  Zn  Sc,  2.79  cm  (1.1  in.)  total  diameter, 

2.03  cm  (0.8  in.)  thick,  brazed  window,  O-ring  seal  at  fitting 
(Figure  44.-9) 

3)  Solar  flux;  sapphire,  7.62  cm  (3.0  in.)  by  2.54  cm  (1.0  in.), 

0.32  cm  (0.125  in.)  thick,  O-ring  seal,  sapphire  inner  window 
(Figure  4.4-10) 

4)  "Typical"  remote  window,  similar  to  small  probe  nophclometcr, 
cloud  particle,  and  aureole  windows;  sapphire,  3.66  cm  (1.4  in.) 
total  diameter,  0.51  cm  (0.2  in)  thick,  O-ring  seal,  sapphire 
inner  window  (F'-’urc  4.4-11) 

An  important  model  parameter  is  the  conductance  across  the  O-ring 
and  scat  interface.  Test  results  indicate  a value  of  0.02  W/°C  (0.04  B1U/ 
hr-°F)  per  cir'cumle rential  inch  of  O-ring  should  be  used  in  the  model,  flic 
effect  on  the  required  window  heater  power  of  doubling  this  conductance  was 
also  evaluated.  Another  parameter  which  was  examined  was  the  effect  ol 
an  atmosphere  whose  temperature  was  11°0  (20°F)  higher  at  all  altitudes. 
Table  4.4-8  prcsents-tlie  results  of  these  analyse;..  The  heater  powers 
shown  are  constant  values  rather  than  varying  with  altitude  because  there 
was  no  appreciable  power  savings  realized  by  incorporating  variable  heaters 
into  the  design. 

Window  heating  requirements  for  the  Atlas /Centaur  configuration 
(hot  pressure  vessel  and  internal  insulation)  are  expected  to  lie  less  severe 
than  for  the  Thor /Delta  configuration  (external  insulation  and  warm  pressure 
vessel)  presented  above.  This  is  because  conduction  losses  to  the  pressure, 
vessel  sink  are  reduced  significantly  since  the  vessel  tracks  the  atmospheric 
temperature.  The  window’  design  will  be  similar  to  that  outlined  above 
except  some  of  the  conduction  isolation  (i.e.  , the  protruding  mounting  tubes) 
will  be  eliminated.  The  current  Atlas /Centaur  baseline  budgets  the  same 
amount  of  power  per  win. low  for  the  lu:at.i»r;  as  the  Thor/Delta  baseline  tor 
the  sake  of  conservatism. 
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FIGURE  4.4-9.  PLANETARY  FLUX  WINDOW 
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A series  ohlests  was  run  with  a science  instrument  window  and  window 
heater  in  a simulated  Venusian  descent  environment.  t he  objec  tives  of  the 
testa  were  to  verify  the  structural  design  of  the  window,  to  verify  the  intercity 
of  the  pressure  seal,  and  to  determine  tin:  thermal  conductance  between  the 
windows  and  the  mounting  fixture.  the  conductance  was  an  important  paia- 
rr.eter  in  the  estimation  of  the  power  r ecjui rements  for  the  probe  window 
heaters. 

The  window  which  was  built  and  tested  was  an  early  design  of  a 
pressure  vessel- mounted  concept.  A 1.  91  cm  (0.  750  in.  ) diameter,  0.  32  cm 
(0.  125  in.)  thick  sapphire  window  was  mounted  to  a titanium  fixture,  which 
was  mounted  to  an  aluminum  heat  sink.  The  window  was  held  in  place  with 
five  screws  and  had  a metallic  O-ring.  The  heater  was  constructed  by  wrap- 
ping about  six_Lurns  of  constantan  wire  around  the  edge  of  the  window.  Two 
thermocouples  were  located  on  the  surface  of  the  window,  and  13  other 
thermocouples  were  located  in  the  gas,  on  the  heat  sink,  etc.  The  assembly 
was  surrounded  with  Min-K  insulation  to  reduce  heat  losses,  ana  was  tested 
in  a pressure  chamber. 

Seven  steady- state  tests  with  three  heater  power  levels  each  were 
run,  followed  by  four  transient  tests  using  the  same  descent  profile  used  in 
the  insulation  tests.  The  steady-state  test  conditions  varied  from  1 atm  and 
66°  C (150°  F)  to  56  atm  and  432°C  (810°  F).  The  power  levels  varied  from 
zero  to  40  W.  The  transient  tests  had  power  levels  of  zero,  40,  and  60  W. 

The  structural  design  of  the  window  assembly  withstood  repeated 
descent  profiles  with  r.o  damage,  verifying  adequate  design.  I he  seal  design 
needs  some  refinement,  since  a small  amount  of  leakage  was  observed  in  the 
last  two  transient  tests.  This  leakage  occurred  just  as  the  tests  were 
completed  when  the  heaters  were  being  turned  off. 

The  O-ring  conductance  was  estimated  from  the  steady- state  data 
only,  because  in  the  transient  tests  the  heater  appeared  to  expand  faster  than 
the  window  and  thus  the  actual  heat  input  is  unknown.  A heat  balanc<  ol'  the 
test  fixture  was  made,  accounting  for  radiation  and  convection  from  the 
window,  conduction  from  the  screws,  conduction  to  the  adjoining  structure, 
and  convection  to  the  surrounding  gas.  The.  estimation  of  the  fast  term  was 
approximate  and  was  significant  to  the  computed  conductance,  I he  resulting 
values  ranged  between  0.005  W/°C  (0.01  lltu/hr  - t ) and  0.06  W/  C 
(0.  1?.  Btu/h..*  - ° F).  A similar  series  of  tests  with  an  updated  window  design 
is  in  work. 
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A aeries  ol  lusts  was  run  with  the  ^ ^ 
rosponsi:  ol  two  candidate  insulation  matt.  ( ( , nf,  ,,-A  fi|)(.rt->ass, 


, "‘7  7,  aun.K  ]'!•;  1400  and  FA  fiberglass, 

environment.  I he  two  tnaln-u  • _ ^ aluminum  sphriv  (separately) 

r s2~ — 

environment  of  768"  K and  ‘>3.  < 

These  tests  were  defined  «*  in 

thermal  performance,  or  effective  crni  ^ known  with  any  confidence. 

V“*V^  si-  particu,arly 

for  the  Thor /Delta  version. 

TI.r  si,c  of  the  to..  sp.tcim.in 

diantotur  o[  tho  c hantboc.  tadiich  JPPr“^”“  r n„torial  of  the  .phere, 

analysis  was  performed  o estimate  tn  - n projdmatoly  vhe  same 

and  thickness  of  the  insulation  inquire  1{-  PP  prob  . A 17.  8 cm 

temperature  gradient  In^  with  a Mtn-K 

(7.  0 in.)  diameter  aluminum  60U  ™{i&r glass  was  to  be  tested  at  the  same 
thickness  of  3.  _ cm  (1.  3b  in.).  Lb/ft3).  The  Min-K  was 

“d.  ^S'ovr/.hc '.'pkcOnT.-..  «i  i-on.pro..o.l  and  hold  in  pUc* 
fiberglass  cord. 

The  gaseous  CO?  was  manually  {} 

pressure  bottles  and  heatec  wi  1 1 ^ 1 ^ l)s,ss  u,st«  bnt  manually  controlled 
were  automatically  controlled  or  c ^ 0£  72.4  min  mum  68  km. 

for  (he  Min-K  tests.  The  descent  prot lie  had. which  v,or. 

Each  specimen  was  instrumen  01  wm  1)  >r(<  aiKl  measured  the  inner 

loc  ated  near  the  top.  bottom,  and  side ^of-thc  *P  ^ ^ ^ insuliltio„.  Five 
surfac  e,  midpoint,  and  outer  sui  *'raj*u're8  around  the  specimen,  and 

thermocouples  measured  the  g P were  used.  Most  of  the 

two  pressure  transducers  with  diff.  rent  by  computer, 

data  was  recorded  on  magnetic  tape  and  reduce  oy  H 


magnetic 

•m«po71'tur«*  w«c«^onormlly 

wottid  fluctuate  J.38  C.  ( • difficult  to  control  because  of  the 

specimen  the  density  and  thu.cm  ss  *-  ■ ltt, r i^il.  The  Min-K  was  carefully 

configuration  and  the  compression  o snhere  because  of  the  instrumen- 

machined  but  did  not  fit  tightly  around  the  Bplli.n 

tation  leads. 
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td  iho  simulation. 


t-varnai  Ver.u, 


LXiernai.  * — — 

Th.  *vo.utio„  of  .ho  thermal 

SaUonC‘os"'a  a.»o^Ut«I  with"h“o«« rn.l  ^^'S^S.Tcmd 

- 

performance  ground  luk*-  * 

required  to  acnievc  acceptable  temp 

The  details  of  the  design 

than  ^ nciid^e  because  of  the  ^^^^^"Indesirable 

wUh  the  evacuation  .rhon.oa.  ami ^ c^\  “urroumling  the  -P-inauUmon 

:LTdC-r?vX‘^ad^ 

?r.  ru  ’ sr»”“r 

its  relatively  low  weight,  and  the  me.  insulation  material  because  of 

— pr"“ , 

,ts  superior  pertor  t Wl.lttht  increased 

The  earlier  trade  had  shown  that  the  P™“™  ^ r‘ovi(Je  r„om  for  the 

t^isp  a^vt  ^ ^ v --'•> 
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1.  A fixed  amount  of  internal  FA  libera  la.  a a insulation 

2.  beryllium  heatsinks  to  provide  additional  internal 
thermal  capaeitaiH' e 

The  heatsinks  could  be  fit  into  the  void  areas  o!  the-prubc  without  in'  liei 
ine.r eases  in  tlu:  pressure  vessel  size,  beryllium  heatsinks  weje  pr-n»)Hed 
because  of  the  high  thermal  capacitance  ol  t-be-m  ate  rial  which  makes  it  In 
for  this  application.  Fine  tuning  of  the  design  would  be  accomplished  by _ the 
addition  or  subtraction  of  heatsink  material.  Hence,  the  internal  insulation/ 
heatsink  design  was  conceived. 

Several  parameters  determined  by  the  thermal  design  hardware  were 
held  constant  throughout  tlm  radc.  The  first  of  these  was  shelf  to  pressure 
vessel  isolation.  An  isolation  mount  was  designed  which  concluctively 
decoupled  the  shelves  from  the  pressure  vessel.  Details  of  the  design  can 
be  found  in  a later  subsection  describing  the  Thor/Delta  baseline  thermal 
design.  For  the  sake  of  the  analysis,  it  reduced  the  shelf  to  pressure  vessel 
conductance  by  approximately  85  percent,  thus  minimizing  a prime  heat  leak 
into  the  equipment.  This  isolation  was  incorporated  into  both  the  external 
and  internal  insulation  models. 

The  second  constant  hardware  parameter  applied  only  to  the  internal 
insulation/heatsink  models.  As  was  pointed  out  earlier,  the  pressure  vessel 
weight  increases  rapidly  with  increasing  radius.  To  fix  the  maximum  size 
of  the  vessel,  a maximum  internal  insulation  thickness  of  1.  2/  cm  (0  05  in.  ) 
was  selected  as  a baseline.  Beryllium  heatsink  mass,  rather  than  additional 
internal  insulation  thickness,  would  be  added  to  decrease  the  temperatures  at 
impact  within  the  desired  limits. 

The  trade  was  done  using  the  detailed  computer  models.  These  models 
were  made  up  of  between  50  ar.d  100  nodes,  depending  upon  the  configuration 
being  studied;  accounted  for  conduction,  convection,  and  radiation  coupling, 
and  had  variable  input  parameter  capability. 

The  Thor/ Delta  probes  were  analyzed  first.  Tnc  launch  vehicle 
dependent  design  parameters,  were  held  constant  for  comparing  the  external 
and  internal  insulation  systems.  These  included: 

1.  The  internal  power  dissipation 

2.  The  internal  equipment  masses 

3.  The  descent  profile 

The  equipment  baseplate  upper  temperature  limits  were  assumed  to  be  52" C 
(125"  F)  for  all  equipment  and  science,  with . the  exception  of  ‘J1*  outP 
amplifiers  and  drivers  which  had  an  upper  limit  of  60  C (140  I ).  Iht  sc 
limits  could  not  be  exceeded  prior  to  impact. 
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^sulation  .1)1(1  internal  insulation  u ■ ' u>mpt. rntui c limits.  table  '•  ' 

ontrol  mass  required  to  mod  l - I P rt(!Cll  that  for  a slight  mass  porn  y 

resents  the  Thor /Delta  results.  I ‘ ^ tho  vhl;nual  control  mas  > on  oa eh 
n tho  largo  probe  and  approKimatoly  ^^^  ^ ^ t0uld  bo  implemented  id 
mall  probe  an  internal  insulation/  ‘ Wnro  consistent  with  tin 

Thor/ Delta  baseline.  '1  ho  ru  ^‘^^r^ainiul  the  baseline  since 
arlier  trade.  The  eKterna  for  the  I hor/D-lta  design. 

,ass  minimization  was  the  key  requir 

The  basic  concepts  for  the  AUWC" 
owever.  Here,  the  minimization  of  e - ^ tanc„.  Internal  insulation/ 

ativc  design  techniques  were  of  ^ /CentauPr  probes  were  instructed 
eatsink  computer  models  lov  r dissipations,  masses,  and 

"hese  models  reflected  the  AllaL/Co^rp^  ^ c0ris1.ruc:tcd.  Instead, 

Sescent  profiles.  External  insui .atu 0 * '#eJfu  UBed  directly  and  the  insula - 

he  Thor /Delta  insulation  t hi  cl. no  • larger  Atlas /Centaur  pressure 

ion  masses  were  scaled  to  account  (orthetorger  ^ ^ Thor/Dolla 

■ essel  size.  Hand  calculations  indicated  that  t ^^  ^ reasonable  estimates 

nS"‘f  ri^STsce8 n[°pV.al.  ctan*..  and  the  inched  mass  of  the  probes. 

onsidering  the  descent  y t-  bio  4 4-10 

The  results  for  the  lU.  WT 

Approximately  twice  as  muc  k g en)  is  used^  Alipem 

>robe  if  an  internal  insulation/  . b using  the  internal  concept.  I 

lecrease  is  realized  on  the  small  probes  y * three  slT1all), 

he  to“l  probe  compliment  is  nnns.durcd  ( 1.  e.  ,J ln,ulation/h..« 

.he  total  weight  penalty  resulting  fro  * ^ pr  approximately  6 percent  of  the 

!ital  external  insulation  design  thermal  control  mass. 

Any  direct  comparison  of  thj  t,o  lathe 

>°  done  with  care  and  an^Uhder^^  e internal  h 

dissipations . and  descent  profiles  that  were  t epen  ^^^^  and  power  dissipation 
hi^e  For  the  Atlas/Centaur  probes,  intc™  o{  a lowor  parachute  drop 

are  urger  than  for  the  Thor/Delta •?«%*•  ^“u^eprobe  is  longer  then  for 
altitude®  the  descent  time for  the  AtU./Ce ^ ^ ,ml„  probe,  "here 
ihe  Thor/Delta  largo  probe.  The  °PP  d to  a heavier  prooe  and  a 

Z Atlas/Centaur  “ combined  effects  of  all  these 

different  aerodynamic  configuration, 
parameters  are: 

i.  The  required  external  ^S^^'ihe"^ 

imately  the  same  for  the  tv ° ^baseline  ^ ^ fco  thc 

Centaur  external  ^ “This  holds  true  for  both  the 

increased  M/.e  oi  me  y 
lame  and  small  probes. 
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TABLE  4.4-9  EXTERNAL  INSULATION  VERSUS  INTERNAL  INSULATION/HEATSINK 

TRADE  RESULTS  - THOR/DELTA  BASELINE  | 


Large  Probe 

Small  Probe 

Trade  Item 

External 

Insulation 

Interna] 

Insulation/ 

Heatsink 

External 

Insulation 

Internal 
• Insulation/ 
Heatsink 

External  insulation  weight, 
kg  (lb),  and  thickness,  cm  (in.) 

2.5  (5.5) 
0.  79(0.  31) 

- 

3.9  (8.6) 
3.  00  (I.  18) 

Internal  insulation  weight, 
kg  (lb),  for  1. 27  cm  (0.  5 in.  ) 
thickness 

- 

0.7  (1.6) 

- 

0.3  (0.6) 
1 

Beryllium  heatsink  weight, 
kg  (lb) 

- 

2.1  (4.7) 

- 

7.0  (15.5) 

Totals,  kg  (lb) 

2.5  (5.5) 

2.8  (6.  i) 

J 

3.9  (8.6)  | 

J 

7.3  (16.  1}  ! 
1 

'I  i 
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2,  On  a weight  comparison  basis,  Mu'  internal  insulation/ 

boat  sink  design  is  iiioi'i1  seiisilive  to  ib.inf.is  )U  inleg  ml  ml 
boat  load  on  tbo  nrobu  (i.  o.  , tin:  internal  dissipation  plus 
tbo  onv i roiiniont.nl  boat  inputs  over  tbo  duration  oi  the 
descent)  than  is  l.bu  external  insulation  design.  l or  the 
Atlas/lnMituur  large  probe  tbo  inoi'o.ised  intop  rated  beat 
toad  accounts  for  tbo  .significant  invreasi*  in  iho  amount 
of  beat  sink  material  needed.  I- or  the  Atlas / ( '.entail r 
small  probes,  the  biplter  power  level  is  more  than  nftset 
by  the  lower  environmental  loads  (because  ol  .1  shorter 
descent),  thus  creatinp  a condition  requiring  liss  beat 
sink  mate  rial. 

t or  the  Atlas/Ccnlaur  desipn,  the  weiphl  penalty  seemed  a small  prici 
to  pay  for  the  potential  cost  savings  that  could  be  realized  by  implementing  till 
internal  insulation/hentsink  design  into  the  Atlas/ Centaur  basi'line.  Cost 
savings  are  expected  to  be  realized  for  the  following  reasons. 

• Fewer  thermal  developmental  tests  011  the  insulation  will 
have  to  he  run.  This  is  because  the  internal  insulation  is 
exposed  to  only  1 to  2 attn  of  air  (or  inert  gas)  within  the 
probe  rather  than  the  severe  Venusian  atmosphere. 

Thermal  data  on  insulation  exposed  to  this  benign  internal 
environment  i;.  well  known  and  will  not  have  to  bo  totally 
derived  by  experiment.  I he  same  cannot  be  said  for  the 
external  Jvtin-K  insulation  and  the  extensive  testing  that 
would  be  required  to  insure  an  adequate  design. 

•  I , ess  design  integration  and  manufacturing  time  will  be 

required  with  the  internal  insulation  system.  This  is 
because  the  internal  insulation  is  a flexible  batt  which 
can  be  easily  worked  while  the  external  insulation  is 
constructed  of  rigid  pieces  which  must  be  machined 
and  dimensionally  accurate. 

• The  internal  insulation  is  easier  to  repair.  A piece  of 
batt  can  be  patched  in  whereas  repairing  the  Min- K 
requires  the  replacement  of  an  entire  piece.  The  Min- Is. 
is  also  more  susceptible  to  damage  due  to  its  brittle 
consistency. 

• Complicated  seam  sealing  processes  will  not  be.  needed 
with  the  internal  insulation  design.  With  an  external 
insulation,  seam  sealing  is  critical  since  direct  hot  gas 
leaks  through  the  insulation  must  be  eliminated. 


• I ho  internal  insulation/ heatsink  nppre ■-.»«  h B eesier  In 
tost  thermally  at  the  systems  level.  1 he  effects  of 
atmospheric  pressure  and  the  chemical  constituents  nf 
the  atmosphere  on  the  thermal  performance  of  the 
insulation  need  not  bo  simulated.  Only  the  appropriate 
temperature  profiles  need  be  imposed  on  the  exterior 
of  the  pressure  vessel. 

From  the  data  pi  esnntod  in  Table  4.  4-10  one  c oui.i  conclude  th  1 1 e 
lightest  weight  combination  would  be  the  use  of  external  insulation  for  the 
large  probe  and  internal  insulation/heatsink  for  the  three  small  probes. 
However,  such  an  arrangement  would  encounter  all  of  the  difficulties 
mentioned  above  for  the  external  insulation  plus  incurring  the  cost  of  two 
thermal  insulatio.'.  development  programs  instead  of  one.  Hence,  a substan- 
tial cost  itrrease  would  result. 

A structural  mechanics  tradeoff  was  performed  in  conjunction  with 
this  thermal  trade.  Both  trades  used  the  same  configurations  and  ground 
rules.  The  results  of  the  structural  trade  (see  Section  4.3)  indicated  that 
the  inlernaL  insulation/ heatsink  design  was  superior  from  the  standpoints  of 
cost  and  reliability  and  comparable  to  the  external  insulation  design  on  the 
basis  of  weight.  Based  on  the  results  of  both  studies,  the  internal  insulation/ 
heatsink  concept  was  selected  for  the  Atlas/Centaur  baseline. 

Several  alternative  configurations  for  t.he  internal  insulatior./heatsink 
design  were  also  onsidered  during  this  trade,  The  first  of  these  was  the  use 
of  foam  to  fill  up  .he  void  areas  between  the  equipment  and  the  internal 
insulation  retainer.  The  purpose  of  the  foam  was  to  minimize  the  convective 
and  radiative  hea;  transfer  between  the  insulation  retainer  and  the  equipment. 
This  approach  immediately  created  several  problems.  First,  the  foam  had 
to  withstand  temperatures  on  the  order  of  316'’C  (600°F)  at  the  interface  with 
the  insulation  retainer,  This  meant  the  use  of  a high  temperature  team. 

These  foams  arc  relatively  heavy  and,  hence,  a fairly  significant  mass  penalty 
would  be  interred.  Second,  the  foam  complicated  the  assembly  of  the  probes. 
The  third  and  decisive  problem  became  apparent  when  the  thermal  parameters 
of  the  foam  were  input  into  the  thermal  analytical  models.  The  foam  conduct- 
ance tern's  were  approximately  equivalent  to  the  replaced  radiation  and 
convection  coefficients.  The  resulting  temperatures  showed  little'  or  no 
improvement.  This  idea  was  therefore  discarded. 

A second,  more  fruitful,  alternative  dealt  with  the  mounting  arrange- 
ment for  the  top  shelf.  All  previous  designs  had  shown  both  the*  top  and  bottom 
.-h'Tves  mounted  to  the  pressure  vessel.  This  arrangement  was  particularly 
deti ii.-nntal  to  the  thermal  performance  of  the  top  shelf  on  both  the  large  and 
srn  11  probes.  This  was  because  of  the  low  thermal  capacitance  o the 
equipment  mounted  in  this  area.  The  heat  leak  from  the  vessel  plus  t he  high 
power  dissipation  created  a condition  that  made  it  highly  desirable  to  totally 
decouple  the;  top  she. If  from  l.h«  vessel.  lo  accomplish  this,  the  feasibility 
of  mounting  the  top  shell  off  tlio  bottom  shelf  was  investigated,  l lie 
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configuration  was  checked  from  the  systems,  hardware  integration,  and 
st .riu-turn  l standpoint  s and  found  to  In-  accept  able. . . Tliciuually , it.  was  found 
that  tlu1  design  could  potent ially  save  about  a kilogram  of  hcat.sink  material. 
Since  all  the  trades  yielded  positive  results,  the  mounting  of  tlu* *  top  shelf 
off  the  bottom  shelf  was  incorporated  into  1:ho  Atlas /Centaur  baseline  design, 
for  both  large  and  small  probes. 

A third  alternative  of  adding  another  1.27  e,  (0.5  in.)  of  internal 
insulation  (total  thickness  d.51  em  (1.0  in.))  was  also  examined.  This 
change  significantly  lowered  the  amount  of  heatsink  material  needed  for 
each  probe  by  about  2 kg.  To  do  this,  however,  would  require  an  increase 
in  probe  diameter,  and  the  associated  increase  in  shell  and  insulation  mass 
more  than  cancelled  the  heatsink  mass  savings.  This  alternative  was  not 
incorporated  into  the  baseline  design-  It  will  be  considered  again  should 
the  heatsink  requirements  force  an  increase  in  pressure  vessel  volume. 

Under  these  cirmumstar.ccs , the  addition  of  a combination  of  insulation 
plus  heatsinks  will  result  in  a lighter  design  than  only  the  addition  of  heat- 
sinks. The  use  of  a combination  approach  will  lessen  the  total  mass 
inc  rease. 

Thor / Delta  Pressure  Vessel  Module  Thermal  Design  and  Performance  for 
the  Descent  Phase 

Thermal  Design  for  the  Descent  Phase 

The  primary'  criterion  for  the  entire  Thor/Dclta  design  is  the  mini- 
mization of  mass.  This  served  as  the  basis  for  the  selection  of  thermal 
design  which  utilized  external  insulation  and  the  inherent  heat  c«  pacitance 
of  the  internal  structure  and  equipment  to  achieve  acceptable  ties  cent 
temperatures . 

The  Thor/Dell.a  external  insulation  design  utilizes  the  following 
hardware  items  to  achieve  the  desired  thermal  environment  within  the 
probes. 

• External  insulation.  Min-K  TE  P1U0  retained  by  an  external 
titanium  shell.  This  shell  is  porous  and  allows  the  atmosphere 
gas  to  penetrate  the  Min-K. 

• Shelf  to  pressure  vessel  mounting  isolation.  Stacked  titanium 
washers  and  titanium  screws.  This  was  implemented  into  only 
the  small  probe  design. 

As  mentioned  earlier,  tins  design  is  a refined  version  of  the  mid- 
term design.  Studies  subsequent  to  midterm  indicated  the  desirability  of 
shelf  isolation  from  the  pressure  vessel  on  the  small  probe.  This  refine- 
ment has  not  been  integrated  into  the  structural  baseline  since  direction 
has  since  been  shifted  to  the  Atlas /Centaur  version.  However,  no  implemen- 
tation problems  are  anticipated. 
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v"  „„  \ .1  I?  nrosents  an  e xploded  view  ol'  the  external  iii.sal.it.ioi 

rcT°X«;«“^ 

rigid  manual.  ead,  pimcmust ,"»K  to mimmmo  the  «»» 
fit.  Kach  mating  joint  bctwi  l - • ■ ‘ of  Min-1<  will  bo  fitted  around 

leaks  through  these  cracks.  Spccia  I . . into  lht,  VCSS(;1  al 

^.p;rr^  

shell  (not  shown  in  the  figure).  1 his  shell  is  aoi  a \ t 
allows  the  gas  to  penetrate  the  Min-K  during  descent. 

Figure  4 4-13  shows  a stacked  washer  arrangement  that  is  proposed 
for  the  small  probes.  This  arrangement  provides  up  of 

top  and  bottom  shelves  and  the  pressure  vessel.  ^ ^u.  *t  ck  £ 

sr,rrv!r.rcga,:  w. fot 

tance  within  the  joint  which  could  cause  a thermal  short. 

Good  unit-to-shelf  thermal  conductance  is  desired  to  get  maximum 

benefit  from  the  tlv  rmal  capacitance  of  (th‘ /S^Spl  shed  by  filling 
units,  a good  conduction  tie  to  ^ such  as  RTV  or  indium  ' 
the  interface  joint  with  a thermal  fillei  contact  area  with  the 

^^ctu^^^^^^^ed^No  such  units  were  identified 

during  the  Thor/Delta  design  study. 

Internal  radiation  isolation  from  the  warm  pressure  vessel  u all  is 

emittanc^^nisheV^Sca^ned^Ua^  provide'1  a 1 1 ’ | M r ' C ^ ^ 

omittanc  l*'n  ni  mi  ipnt  hoxo  S • w ll  1 c.  Il  a 1 c 

omittance  ( eH  ) in  the  range  of  0.  10  to  0.20  Lguip t,i'vi,n  a finish 

normally  constructed  of  alunnnum,  can  o . [ ■;  omitt.ances  (CII ) 

of  vapor  deposited  aluminum  with  10. suiting  nc.rm&pi 

he  tv/  eon  0 • 0 o a ncl  0 * ()  6 • 

A summary  of  the  specific  thermal  control  hardware  rerptiremeuts 
‘%Pr"5^ 

2£  - 

cribed  in  Reference  4.4-4. 
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FIGURE  4.4  13  SHELF  SUPPORT  THERMAL  ISOLATION  CONCEPT 
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TABLE  *1.4-11.  THOR/DELTA  THERMAL  CONTROL  HARDWARE  REQUIREMENTS 


— 

Large  Probe 

Small  Probe 

External  insulation 

1.  14  cm  (0.45  in.)  of  M in  pR  TE  1400 

Z.  90  cm  (1.  14  in.  ) of  Min-K  TE  1400 
on  the  upper  hemisphere 

3.  7 kg  (b.  1 lb)  of  insulation 

Z.  34  cm  (0.  9Z  in.  ) of  Min-K  TE  1400 
on  the  lower  hemisphere 

3.  3 kg  (7.3  lb)  of  insulation 

1 

Shelf  isolation  mount- 

Not  used 

16  mounting  points,  both  shelves 

Standoff  distance  - Z.  54  err.  (1.0  in. ) 

No,  10  titanium  screw 

Minimum  number  of  washers  - Z5 
j 

Washer  OD  = 6.  90  cm  (0.  354  in.  ) 

Hardware  .hange  from  midterm  baseline 


I 


I 


Thermal  Performance  (or 
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Temperature  predictions  for  tlu-  Thor/Drltn  ha.-elim-  ‘h'tdgn  des- 
cribcd  in  the  preceding  section  were  obtained  lor  Wot h pressure  vc,<e 
modules  using  large  multimode  computer  programs  (keleiimi  • - »• 

Equipment,  shelf,  pressure  vessel,  and  insulation  t empo  r.i . m e->  ' 1 

predicted  for  the  entire  descent,  please  for  each  prone.  Ho  .tivi  i , cqcop 
ment  temperatures  at  impart  are  the  most  important  result  sol  . u>« 
analyses,  since  this  is  where  the  maximum  temperature  i^xp  n ^-e  varied 
By  an  iterative  proev,,.,  the  thermal  omt.-ol  ha, -dw.ua.  |»ra™  « "4.0  - 
and  temperature  predictions  obtained.  Ihe  iteration  proceeds  until  a 
favorable  comparison  is  obtained  between  the  predicted  Waseplate 
tures  at  impact  and  the  allowable  baseplate  upper  tempo rature  limits  U r 
the  critical  components.  The  input  parameters  to  the  anai  lit  a!  1 ‘ 

this  iteration  then  become  the  basis  for  the  thermal  contio  inic\\nut  ^s 
A direct  comparison  of  predicted  and  permissible  baseplate  tempeiatiu  • 
wi^baUowLco  lor  produ  turn  rolcrn.n  o U jusUr.ablo  duo  to  the 
nature  of  the  mission  and  the  fact  that  worst  ease  parameter*  an  used 
the  analytical  model. 

Equipment  temperatures  at  impact  for  the  large  pressur-  vessel  module 
arc  shown  in  Figure  4.4-14.  Corresponding  pressure  fowl  ^^atun  s 
are  shown  in  Figure  4.4-15.  The  constraining  component  is  t u - ' l 

data  box  which  is  the  only  component  at  its  temperature  limit.  Allhou 
Wtf^rYno.  shown  forbo.no  of  the  RF  con.pon.Cs,  tho.r  to.nporatn  o 
predictions  should  be  acceptable.  The  bulk  temperature  ot  tlu  Ptcs.-un 
vessel  is  242°C  (468°F). 

Equipment  and  pressure  vessel  temperatures  for  the  *mull  Prcs;J“r,J 
vessel  module  are  prc.cmod  In  F,B.,ros  4.4-lh  and  4.4-1. . , A "‘"ahlo 
data  box  sized  the  insulat  ion  thickness  on  the  uppei  lu  uu^p  u j J-  ‘ 1 

otciiuto, “.i,cd  the  lower  hemisphere  ln«ulnlion  fh.ohnoss.  Ihe  hulh  te.o.per- 
ature  of  the  pressure  vessel  is  193  ■ (38f  ). 

Atlas/Centaur  Pressure  Vessel  Module  Thermal  Pcs i 
for  the  Descent  Phase 

Thermal  Design  for  the  Percent  1 hast 


The  pressure  vessel  module  thermal  design  tor  the  Atlas /<  -enl am 
configuration  is  based  on  the  premise  of  minimi  aing  costs  'Wnmgh  ,’lV 
of  proven  and  conservative  design  approaches.  IWis  P'.m  • 1 ' ' ' . . 

baseline  thermal  design  wlrch  utilizes  a ho,  pressure  yesse  1 wi  a uiul 

insulation  system  ugumented  by  equipment  heatsinks  ,o  mu  ' ' 

mi,  nerat  ire  rise  This  contrasts  with  the  external  insulation  system  and 
rrhUbu cly1  caio  lei  pressure  vessel  presented  for  the  Ihor/DcUn  • - . i m ra,  mn , 

The  decision  to  proceed  with  an  internal  msulnt  mn /heat  sink  de--  ign 
was  made  ifter  reviewing  the  earlier  trade  between  mten.nl  and 
insulation  systems  ma<le  for  the  Tlior/Delta  design.  Ihe  result. 
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FIGURE  4.4  14,  THOR/DELTA  LARGE  PRESSURE  VESSEL  MODULE  EQUIPMENT 
TEMPERATURES  AT  IMPACT  - oq  (OF) 
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FIGURE  4.4-15.  THOR/DELTA  LARGE  PRESSURE  VESSEL  MODULE  TEMPERATURES 
AT  IMPACT  - °C  (°F) 
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FIGURE  4.4-16. 
TEMPERATURES 


THOR'DELTA  SMALL  PRESSURE  VESSEL 
AT  IMPACT  - °C  (°F) 


MODULE  EQUIPMENT 
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FIGURE  4 4 17  THOR/DELTA  SMALL  PRFSSURE  VESSEL  MODULE 
TEMPERATURES  AT  IMPACT  - °C  <°F) 
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BATTING  INSTALLED  IN 
PRESSURE  VESSEL  AT 
CLOSURE  FLANGC 


INTERNALLY  INSULATED  PRESSURE  VESSEL 

FIGURE  4.4-18.  INTERNAL  INSULATION  AND  TOF  SHELP  MOUNTING  SCHEMATIC 
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trade  and  tlu*  review  are  present  ed  in  pmioii::  siibsi-i  i ions . The  earlier 
trade  considered  only  multilayer  :upe  ri  leiulat  mil  for  tin  internal  innil.i  I :mi 
system.  In  addition  to  increasing,  tin-  probe  wnuhl  (lusn1  on  the  tie  , inn 
parameters  in  uffet  t at  that  time),  this  system  required  insulation  evaluation 
to  achieve  efficient  performance.  Kvacwation  scheme  ; a ere  iin.n  cepluhle 
based  on  other  design  considerations  (weight,  corona  ueie- 1 a inn,  reliability, 
and  unit  requirements).  In  updating  the  trade,  an  internal  u.  illation  system 
using  fiberglass  butt  was  considered  instead  of  the  mult  I ’ve/  ••nporinsulation, 
Equipment  heatsinks  were  considered  to  augment  the  internal  .nsulatinn  and 
the  appropriate  combination  of  these  two  c ontrol  techniques  we.e  analyzed  in 
detail.  It  was  found  that  the  internal  insulation/heat  sink  design  could  provide 
acceptable  unit  temperatures  within  the  probes  and  that  the  hot  pressure 
vessel,  created  no  difficult  structural  problems.  It.  was  also  determined  that 
the  internal  insulation/heatsink  design  did  not:  significantly  penalize  the  mass 
of  the  system  when  compared  to  the  external  insulation  design  using  Min-K. 

In  addition  to  providing  similar  thermal  performance  and  a more 
predictable  design,  the  internal  insulation/heatsink  approach  provides  a 
design  which  is  less  costly'  to  implement.  Cost  savings  will  be  realized  for 
the  reasons  outlined  in  a previous  subsection. 

The  internal  insulation/heatsink  design  utilizes  the  following  hardware 
items  to  achieve  the  desired  thermal  environment  within  the  probes: 

• Internal  insulation  - fiberglass  bait  (FA  fiberglass  supplied  by 
HITCO)  supported  against  the  pressure  vessel  by  a retainer 
shell 

• Shelf  to  pressure  vessel  mounting  isolation  ••  stacked  titanium 
washers  and  titanium  screws 

• Heatsinks  - beryllium  or  aluminum 

• Alternate  top  shelf  mounting  arrangement  - top  shelf  mounted 
off  the  bottom  siieif  rather  than  the  pressure  vessel  wall 

Figure  4.4-18  presents  a schematic  of  the  internal  insulation  design 
that  is  planned  for  both  probes.  The  fiberglass  halt  is  packed  against  the 
internal  retainer  and  held  in  place  by  short  captive-  pins  which  protrude  part 
way  into  the  batting.  Full  penetration  by  the  pins  is  not  desired  because  this 
would  create  a thermal  short  between  the  pressure  vessel  and  the  retainer. 
The  retainer  is  fabricated  of  thin  sheets  of  titanium  or  steel  which  are 
attached  to  the  pressure  vesse  l in  the  areas  of  the  flanges.  The  heal  leak 
from  the  vessel  to  the  retainer  is  minimized  by  constructing  the  retainer 
from  low  conductivity  materials  with  minimum  thicknesses.  Special  pro- 
visions will  have  to  be  made  in  the  area  of  the  pressure  vessel  closure  flange 
to  insure  insulation  integrity  when  the  vessel  is  closed,  ibis  will  be  accom- 
plished by'  forming  a lip  in  the  retainer  that  will  enclose  the  insulation  and 
minimize  the  heat  leak  at  the  crack. 
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Additional  mass  will  h,  added  to  ^i^d^ 

temperatures  within  the  .<ll!niri‘  i \*'i‘  *iv\K  material  on  a per  unit  of  mass  basis 
Beryllium  is  the  most  etfiocnt ■ lu  ‘ll  »'  . )x,rvllium  is  difficult  to  machine 

because  of  its  high  speci  u ^ o(  ,his>  aluminum  may  lie  substituted  i 

and  relative  .y  expensive.  ' " , Since  the  design  philosophy  m 'o 

the  associated  mass  penaltv  is  • »■  l ' ' , Si-.01£,  heatsink  material  can  he 
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is  ol  i-ourHC  W t—'ieil.  H... 

whicn  is  predu  tod  to  o\  < u » ;noff  jcieneies  of  adding  mass  to  tin 

^ .* — •»-  «* 

design  flexibility. 

An  alternative  top  !j^c^  ^ntTr'cl'v^ c^nd^uH  iv^  *rom  U'° 

drical  strut  and  shear  skin  stim  tu  g^  flovv  froin  the  vessel  to  the 

arrangement  because  it  nu  .g  n,OUIlted  on  the  lop  shelf.  I he  com* 

M XSSXSSSffi*  ",  lop  .He«. 

As  mentioned  above . c ri;ati’^n(^  /heatsink 

structure  on  each  shelf  is  a prmup<^  comluctivo  tie  to  the  structure  can 
design  concept.  For  most  umls.  a M*  wjth  A thermal  filler  inalerial 

he  accomplished  by  tilling  11  * ‘ unils  vvhit.|,  do  not  have  sufficient 

^ SZ 



arc  completely  u-derstood. 

Internal  radiation  isolation  will  ^ ns^lat^on^ Jta i • Cleaning 
surfaces  with  low  emiltanee  fouslus.  _ rov,cK.  hemispherical  crnitUm  es 
processes  for  ether  htamuni , o . • ^ ‘ |,nt  1)OX0S,  which  are  normally 

(i ,{)  in  the  ’ ange  of  0.  10  to  u.zu.  ..qu  i 


4-l‘K 


constructed  of  ahminum.  -nr.  i-.t hc-r  I,  . ‘ " Vc-1 . V cmiu ' ' T is  H«-l 
deposited  .iluminutn  with  resulting  henusphii  ‘ ‘ V 15 

0.  0?  and  '1.  On. 

A , mar,  cf  the  speri.ic  thormal  caalral 

1.  presented  In  TaM*  drived usim,  the 

both  beryllium  and  aluminum-  . intt.raai  versos  external  insula- 

computer  models  de*. eloped  for  f <■  - • • • u.  rcvjsions  of  these 
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configuration. 

TViarr^d  Performance  for  the  Descent  Phase 
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TABLE  4.  4-12. 


ATLAS/CENTAUR  THERMAL  CONTROL  HARDWARE  REQUIREMENTS 


[ 

Large  Probe 

Small  Probe 

Internal  insulation 

1. 27  cm  (0.  5 in'  of  FA  fiberglass 

1 . 27  cm  (0.  5 in)  of  FA  fiberglass 

1.1  kg  (2.  5 lb)  of  insulation 

0.  4 kg  (0  9 lb)  of  insulation 

Shelf  isolation  Mount 

16  mounting  points,  bottom  shelf  only 

16  mounting  points,  bottom  shelf  only 

Standoff  distance  = 2.  54  cm  (1,0  in) 

Standoff  distance  = 2.  54  cm  (1.0  in) 

No.  10  titanium  screw 

No.  10  titanium  screw 

Minimum  number  of  washers  - 25 

Minimum  number  of  washers  - 25 

W asher  OD  - 0.  90  cm  (0.  354  in.  ) 

Washer  OD  = 0.  90  cjn  (0.  354  in.  ) 

Heat  sink  material 
required 

Top  shelf  (in  addition  to  2.  0 kg 
(4.  5 lb!  shelf): 

Top  shelf  (in  addition  to  0.7  kg 
11. 5 lbl  shelf): 

In  beryllium  - 6.  4 kg  (14.  2 lb) 

In  beryllium  ‘ 2.  1 kg  (4.7  jb) 

In  aluminum  = 1 3.  2 kg  (29.  0 lb) 

In  aluminum  - 4.  4 kg  (9.6  lb) 

Bottom  shelf  (in  addition  to  2.8  kg 
[6.  2 IbJ  shelf): 

No  heatsink  required 

Bottom  shelf  (in  addition  to  0.  9 kg 
12.  0 lb)  shelf): 

In  beryllium  = 1 . 8 kg  (3.9  lb) 

In  aluminum  = 3.6  kg  (8,0  lb) 

- ■ ■ ■ | — ■ | 
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IR  flux  radiometer 
Gas  chromatograph 
Excite  r 
Battery  pack 
G switch 
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52 

48 

52 

50 

50 


Equipment 

Tempo 
■ C 

r a turn 

cn 
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Cloud  particle  size  analyzer 

49 

52 

(125) 

Hygrometer 

49 

(120) 

Filte-r 

43 

(109) 

Hybrid 

47 

(117) 

Circulator 

52 

(125) 

Preamplifier 

59 

(1  38) 

Power  amplifiers 

47 

(116) 

Hyro  switch 

51 

(123) 

Temperature  sensor  electronics 

48 

(118) 

Power  interface 

52 

(125) 

Command  data  box 

52 

(125) 

Solar  flux  radiometer 

49 

(121) 

Accelerometer 

48 

(119) 

Mass  spectrometer 

52 

(125) 

Receiver 

51 

(123) 

PCU 

47 

(117) 

Battery  pack 

52 

(125) 

Discharge  regulator 

52 

(125) 

Pressure  sensor  electronics 

51 

(124) 

(125) 

(US) 

(125) 

(122) 

(122) 
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TABLE  4.4-14.  ATLAS/CENTAUR  SMALL  PRESSURE 
VESSEL  MODULE  INTERNAL  EQUIPMENT 
TEMPERATURES  AT  IMPACT 


k L- 

•t 

Equipment 

Temperature  °C  ( F) 

i 

B 

! 

t r 

IR  Tux  detector 

49 

(121) 

! 

|r 

i 

Pyro  switch 

48 

(118) 

i 

* 

i 

Temperature  electronics 

49 

(120) 

j; 

Nephelometer 

52 

(125) 

Command/data  box 

50 

(122) 

j- 

PCU  (three  locations) 

50 

(122) 

I 

i 

Power  amplifiers 

57 

(134) 

Po-wer  interface 

51 

(124) 

Exciter 

52 

(125) 

; 

Discharge  regulator 

51 

(124) 

Accelerometer 

51 

(123) 

Battery 

51 

(123) 

_ 

Stable  oscillator 

52 

(125) 

|3  * 

Pressure  sensing  system 

50 

(122) 
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-1.S  SCIENCE  AND  I lOU.SF’KEEPING  STRUCTURAL  PENETRATIONS 


The  probe  structural  subsystem  must  provide  access  to  and  communi- 


cation with  the  science  and  housekeeping  system-  withir  the  pressure  vessel. 
The  science  payload  requires  windows  for  atmospheric  observations  in  the 
visible  and  infrared,  and  ports  for  atmospheric  sampling  by  the  pressure 
sei 
(juL 

and  at  rf  frequencies. 


.sible  and  mirarea,  ana  pun&  aunuspiici  — r 

;nsor , mass  spectrometer,  and  gas  chromatograph.  Housekeeping  re- 

lirements  include  access  ports  and  electricaL  feedthroughs  operating  at  dc 


In  addition  to  the  functional  requirements  established  by  science  and 
housekeeping,  structural,  thermal  and  producibility  requirements  were  de- 
fined for  design  purposes.  Using  these  as  constraints,  preliminary  designs 
were  developed  to  meet  the  particular  requirements  shown  in  Table  4.  5-1 
of  ins*  nent  and  housekeeping  subsystems  carried  on  both  large  and  small 
orobes.  Designs  were  carried  out  in  enough  detail  to  allow  meaningful. 


comparisons  between  characteristics  such  as  weight,  structural  integrity 


will  L/CL  1 io  w llw  WWHTWWli  — w # • 1 , 

and  development  risk.  These  figures  were  used  in  trade  studies,  the  resu“s 
of  which  were  evaluated  to  yield  recommended  baseline  approaches  for  both 
Thor/Delta  and  Atlas / Centaur  baselines. 


The  remainder  of  this  section  is  divided  into  sections  concerning  re- 
quirernents , trade  studies,  and  descriptions  of  the  respective  Thor/ Delta  and 
Atlas/Centaur  baseline  configurations  for  each  area  studies.  A summary  of 
the  areas  studied  and  some  of  the  conclusions  of  the  study  are  also  shown  in 
Table  4.  5-1. 


The  requirements  section  describes  the  general  requirements  apply- 
ing to  all  penetrations  in  order  to  survive  the  mission  environment;  individual 
instrument  requirements  such  as  fields  of  view  or  location  with  respeci  to 
the  stagnation  point  are  described  in  the  sections  on  trade  studies  and  base- 
line configurations. 


Tradeoffs  were  conducted  to  optimize  the  configuration  of  many  of  the 
systems  considered.  Candidate  configurations,  requirements,  and  factors 
involved  in  baseline  selection  are  described  in  detail  in  the  trades  section. 


Two  sections  are  devoted  to  describing  the  structural  penetration 
approaches  evolved  for  the  Thor/ Delta  and  Atlas/ Centaur  mission,  respec- 
tively. Descriptions  in  the  Atlas / Centaur  section  are  limited  to  those  areas 
where  the  design  approach  used  differed  from  that  used  for  Thor/ Delta. 


Penetration  R equlreinents 
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Requirements  to  be  satisfied  by  pressure  vessel  penetrations  and 
associated  hardware  are  governed  primarily  by  the  mission  environment  and 
by  subsystem  functional  requirements.  Environmental  factors  important  m 
penetration  design  are  the  planetary  entry  deceleration  loads  and  the  pressure, 
temperature,  and  composition  of  the  Venus  atmosphere.  Entry  deceleration 
loads  of  575  g for  the  large  probe  and  595  g for  the  small  probe  wore  multi- 
plied by  a factor  of  1.  <15  to  obtain  the  values  of  720  and  745  g,  respectively, 
used  for  the  design. 


PR, MARY  STRUCTURES  /INTEGRATION  AREAS  STUDIED 
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Vt'im.s  surface  temperature  ami  pressure  values  of  757.5l,K  and  91. 9 
atmospheres  were  used  as  baseline  v;  lues  for  penetration  design.  Atiiio- 
s phene  c omposition  used  in  evaluating  materials  exposed  to  the  Venus  envi- 
ronment is  based  or  the  Young  model,  which  predicts  aerosols  of  sulfuric- 
and  f luo sulfonic-  ac  id  in  the  cloud  layers. 

General  functional  requirements  include  optical,  structural,  seal, 
ermal , anc,  producibility  factors.  A summary  of  these  requirements  and 
Uie  approaches  taken  to  implement  them  are  shown  in  Table  4.  5-2. 

The  primary  factor  in  window  design  is  assuring  satisfactory  optical 
qualities  in  the  wavebands  of  interest,  and  low  in-band  emissivity  at  high 
temperatures.  Internal  scattering  should  be  minimized.  Optical' system 
design-should  provide  for  a minimum  of  surfaces  in  the  line-of-sight.  The 
angle  of  incidence  should  be  kept  as  close  as  possible  to  normal  and  internal 
path  length  should  be  minimized. 

Window  sizing  is  governed  primarily  by  experiment  field-of- view 
requirements  and  window  material  mechanical  properties.  Window  diameter 
is  sized  to  satisfy  experiment  requirements  for  fields  of  view,  and  the 
thickness  is  then  chosen  as  a minimum  consonant  with  maintaining  a safety 

factor  of  four  at  the  temperatures  and  pressures  characteristic  of  the  Venus 
surface  '-nvironment. 

a ■ integrity  must  be  maintained  by  all  pressure  vessel  penetrations 

against  both  the  long  duration  internal  1 atm  pressure  differential  of  trans- 
enus  trajectory  and  the  relatively  short  duration  external  pressure  of 
approximately  100  atm  encountered  at  the  surface  of  Venus.  Seal  tempera- 
tures will  range  from  -40  C during  interplanetary  coast  to  482°C  at  the 
termination  of  the  descent. 

Thermal  requirements  on  penetrations  include  minimization  of  heater 
power  required  for  window  defrosting  during  the  descent,  and  minimization 
ol  heat  input  to  the  interior  ot  the  probe.  Integration  with  the  pressure  vessel 
insulation  layers  and  insulation  retaining  shell  is  required  tor  all  pressure 
vessel  penetrations,  without  compromising  the  efficiency  of  the  insulation 
or  access  to  the  pressure  vessel.  Heaters,  if  used,  must  also  he  integrated 
to  the  window  assembly,  and  contamination  removal  systems,  if  used 
must  oe  closely  integrated  with  both  window,  pressure  vessel,  and  outer 


Maximum  use  of  common  materials,  off  the  shelf  hardware,  and 
straightforward  designs  and  methods  of  fabrication  is  required  to  minimize 
cost  <> nil  risk.  Other  cost  sensitive  design  considerations  include  case  of 
assembly,  ease  of  optical  alignment  where  required,  and  ready  access  for 
inspection  and  repair. 

In  addition  to  general  requirements,  most  instruments  have  special 
requirements  not  shared  by  others.  Special  requirements  of  this  type  are 
summed  up  n.  Table  4.  5-3.  More  detailed  descriptions  of  individual  instru- 
ment requirements  are  contained  in  the  sections  on  trades  and  baseline 
descriptions. 


TABLE  4.  5-2.  PENETRATION  REQUIREMENTS /APPROACHES 


General  Requirements 

Approach 

Good  transmissivity  at  required  wavelengths 

i 

! 

i 

Low  index  of  refraction 

High  transmissivity  at  elevated  temperatures 
Low  emissivity  at  elevated  temperatures 

Selection  of  window  material 

»'  ■ ^ 
r3 

Low  internal  scattering 
Field  of  view 

Vary  size  and  shape  of  window 

a 

Normal  ancle  of  incidence  between  window 

c 

surface  and  line  of  sight 
Minimize  number  of  optical  surfaces  in  line 

Window  mechanical  design 

of  sight 

4 

provide  accurate  alignment  for  cloud  particle 

Mount  mirror  support  directly  to  instrument 

«*» 

i- 

v 

size  spectrometer  mirror 
Maintain  pressure  vessel  structural  integrity 
provide  window  structural  integrity 

Provide  doublers  around  penetrations 

Size  window  thickness  j 

Size  tubing  thickness 

1 - 

Provide  for  structural  integrity  of  internal 

i 

lines  carrying  external  ambient  pressure 

j 

i 

Provide  hermetic  seal  for  all  penetrations 

Use  O ring  or  brazed  seals,  depending  on 

! * 
1 -r 

during  trans-Venus  cruise 

application 

‘ 

i 

.Minimize  heat  flow'  through  insulation  to 

: 

» 

i 2 

interior 

‘ Minimize  window  anti  condensation  heater 

Insulate  windows  and  external  prninberar.r-' 
from  pressure  vessel  and  probe  interior 

1 

i 

-f 

power 

1 Minimize  pressure  vessel  hot.  spots  around 

penetration  (Thor,  Delta  only) 

— i 

1 Minimize  cost  of  installing  penetration 

Study 

1 

doublers  in  pressure  vessel  wall 

i 

Use  well  proven  materials  anti  fabrication 

! \i inimizt*  cost  ot  detail  p?.rts 

techniques 

* ! 

1 

! 

! , 
j Facilitate  installation,  checkout,  test,  ant. 

Provide  complete  access  to  penetrations  even  j 
after  installation  of  insulation  layer  j 

1 •- 
i - 
! 

repai r 

.1 _ 

J 

• ,i.  r 


l‘i. 


I I H 


TABLE  4.  5-3.  PRIMARY  PENETRATION  REQUIREMENTS 


Lem  Studi-  d 


Primary  In.!i  vniinl  K«q  :i  r*  rr  e 


Nephelometer  -.i-ur-.  c wimlw 

-rasor  'xni)-  v 

Cl  •>»:#*  riarti  ]«•  •»»*«■  soe«  tron’ftc?  w imlnu 
Planetary  fl  ix  radiometer  window 
Solar  flux  radj.irr.eter  \i:ad  <u 
Aureole  extir.t  ttun  dete«  tor  window 
Small  ir.'.br  IR  radiometer  wind<fu 
•Small  prone  n«  oh»*lomrtcr  wndo* 


2 d»*g  i «>' i«  al  ti • |>I  <»!  view  line  <»f  -.igrit  must  » liters*-,  t that  of  snMir.  Visible  w avelrr  »;t’*:- 
1')  deg  » «M»i<  ai  field  of  view  visible  wavelengths 

».  ^ . m (1.0  i:1.!  i ylindrw  al  field  if  view  visible  wavelengths.  I-me  -.;*  •.•i;*:t  wror"»h«  >:lar  t • de- 
h :!•••»  » o u al  field  of  view:  IF  wavelength*  ( H.  > a::d  10.i.mi  line  of  sight  parallel  : dr-  e : ax> 

*1  r deg  field  *»f  view  horizontal  ±t,n  dec  v*  rtiv.nl:  visible  wavelengths',  L; 

*i’.  <!fj:  in  vertiile  plan**;  **1.  dry  horizontal  olarie.  Visible  wavrlrr.c* 

0.  S diameter  window;  deployable  mirror;  line  of  sight  -*  .inner)  vertLallv 

1.  * diameter  window;  visible  unveli-ncthf  . line  of  -ipht  perpendsi  :lar  t 


*_nt  n«»rT>e -.i;i . -_]a r t dv-.e-.t  .»x.-  j 
m-  : -;.h*  aft  ->lar 
*’  • a-d  I 

iX’  s 


I 

c 

rs. 


Large  or  >‘>e  pressure  sensor  ir.let  - V stem 
Small  nrnhe  r.rrssurr  sensor  inlet  system 
Mass  - ->e,  trimeter  .nlet  systfir  installation 
Ci a . . iromato  graph  inlet  system  installation 
Cl  .*id  oartjt  le  si  *e  spe*  troir.rter  mirror  support 
HF  feedthrough 

DC  and  low  frequent  y feedthrough 
A**e-.s  and  in -pe<  t o>n  ports 


Large  probe  terr.pe  ratnr  e sensor  installation 
Srr.all  o**obe  terror  rat-ire  *rn*o-  installation 
:iygr  irr.eter  sensor  installation 
u md  drift  altimeter  radar  ar.trnr.a  installation 
Large  nr*. be  press  ire  vessel  aeroshetl  U P 
Small  probe  nepheloxr.eter  windor  entry  arotn  tin 
Ir.  v.ilatmn  »iib«y'*»*ir.  > 'teg rati n and  in«nla*i  »n 
Wir.mw  r.tami nation  removal  system 
" *nd  »w  hea***r  *»y«t*'?r 


Lo>  atior.  v ith:n  30  'leg  -»f  stagnation  point.  Sin  to  minimize  bl  >.  kage  by  v unrim-.ition 
Lo»  ate  at  .stagnation  point 

1.0  diameter  nen«*t ration 

Size  to  minimize  bln*  kage  by  « ondi*  isaiio*: 

Alignment  within  1 r:  r requir«*d  throughout  nii**si«>:» 

Minimize  vo-ax  line  length 

Approximately  h(»  pms  require*!.  Separate  leedth roughs  t *» r pyro  and  signal  ar.d  nrwer 

2.0  diameter;  Sutss  must  be  possible  with  probe  rrou:  »ed  in  a«-  ro.sheH 


Sensor  nui«t  or**trude  into  boundary  layer 

Sensor  must  be  housed  for  prnte«  tion  during  entry.  Deployment  into  fre *■  stream.  :*:•»  r ent-v 
Sensor  must  be  ](»  ated  i*i  free  stream 

Antenna  must  have  unob:  trut  tured  downward  view.  ln:luen»  e or  arr«.dvr.ajnii  Mabilitv  -r.  »::lri  be  rr 
Apprnxir.it'  ly  t.O  • ondn*  tors  must  be  openi-d.  I»tgh  g survivability  essential 
Fail  safe  operation 

High  g survivability  and  minimun.  interfere?!!  e with  a<  eess  to  probe  interior 
Minimize  weight  ar.d  power.  Some  » .inability  should  remain  if  system  fail- 
Minimize  weight  and  power 
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M-ost  trade  tor  ,,H.  ».  H - 

At  least  two  candidate  con  ig11 
ing  items*. 

1)  Window  material  selection 

2)  Window  seals 

l)  Window  configuration 

4)  Window  heater  mechanical  design 

5)  Window  contamination  removal  systems 

6)  Large  probe  pressure  sensor  inlet  system 

7)  Small  probe  pressure  sensor  inlet 

8)  Cloud  particle  size  spectrometer  mirror 

9)  Small  probe  nephelometer  protective  cowr 
10)  Small  probe  altimeter  (or  antenna  installation 
, „ small  probe  temperate  -e  sensor  deployment 
12)  wind/altitude  radar  antenna  installation 


such  as 


A number  o(  trades  were  also  conducted  in  tbe  — ,nB  — 

" , .i,„n  in-i'iuht  disconnect 

1)  Large  probe  press.ire  vesse 

2)  V mbilical  to  spacecraft 

antenna  rl  (eedtbrough  condpuralion  and  location 

3)  Communications  anteni  a 

The  remainder  of  this  section  c0"**1"®  ntlfigu  rat  ions  not  covered 

configuration  descriptions. 

Window  Material  •~'t  ' 1 — i , , 

‘t*;;:'1 

function  property  i'< 'be  Vous  ...» 


\-l  01 


b)  EXPERIMENTALLY  DERIVED  BURST  SI  RENGTH 
DATA  FOR  SAPPHIRE  WINDOWS  - SAFETY 
FACTOR  OF  4 INCLUDED 


HBURt  4 5 1 OPTICAL  AND  MATERIAL  PROPERTIES  OF  SAPPHIRE 


1 - ^ 0 ‘i 


3016  J-«22tU| 


1)  Maintenance  ul  good  1 ransm  is.sion  at  « • I «* v»i  1 *»# I lonipcPaliin'h 

2.)  Sl.rnctural  integrity;  i,  o.  , modulus  of  ruplure  and  pus s u,lc- 
change  in  flatness  due  to  deflect  ion 

3)  Inband  emissivity  as  a functioi  of  temperature.  The  energy 
emitted  ny  the  window  adds  directly  to  signal  ai  d could  cause  problems 

in  the  ptaneta-r-y  flux  experiment.  For  example,  the  energy  entitled  in  the 
(5  to  10)  band  by  a 1.  0 in.  diameter  window  at  •'001>C  is  emissivity  x d.  0 W. 
Thus,  it  is  desirable  to  have  a material  with  a low  emissivity  that  does  not 
change  with  increasing  temperature. 

4)  Resistance  to  pitting  due  to  impingement  of  dust  or  other  ■ aswe 
particles  (hardness) 

5)  Resistance  to  possible  corrosive  condensation 

6)  Ability  to  provide  a good  pressure  seal 

7)  Optical  quality;  i.  e.  , low  internal  scattering.  This  is  especially 
important  for  imaging  systems. 

Visible  Wavelengths.  Candidate  materials  studied  for  windows 
operating  iruthe  visible  range  are  sapphire  (A.L^Oj)  and  fused  silica  (S.0_). 
properties  of  these  materials  are  summarized  in  Table  4.  3-4  and 
Figure  4.  5-1. 

In  every  factor  except  density  and  transmissivity,  sapphire  is 
superior  to  fused  silica.  Sapphire's  long  wave  limit  is  lower  than  that  of 
fused  silica;  its  hardness  is  four  times  greater,  making  it  superior  in 
dust  and  abrasion  resistance;  its  melting  point  is  well  above  the  softening 
point  of  fused  silica,  and  its  average  coefficient  oi  thermal  expansion  is  a 
good  match  to  fhat  of  invar  facilitating  integration  of  the  window  into  the 
structure. 

The  high  tensile  strength  ot  sapphire  at  500cC  allows  design  of  a 
sapphire  window  of  one-half  the  thickness  of  a fused  silica  window  while 
maintaining  a comparable  safety  margin.  As  a result  of  the  reduced  thick- 
ness, the  sapphire  window  possesses  a higher  uncoated  transmittance 
because  of  the  reduced  optical  path  length,  and  it  is  only  90  percent  as  heavy, 
despite  sapphire's  greater  density. 

The  high  compressive  strength  and  smooth  surface  finish  of  sapphire 
make  it  easily  adaptable  to  sealing  methods  using  hollow  metallic  O rings, 
with,  their  high  initial  preloads.  There  is  also  considerable  experience 
in  making  sapphire  to  metal  seals  for  windows  in  high  pressure  gas  discharge 
devices  operating  at  pressures  of  20  atm  and  temperatures  approaching 
482°C. 


Structurally,  fused  silica  softens  rather  than  melts.  The  norma! 
service  limit  for  this  glass  in  the  annealed  condition  is  900°C,  well  over  the 
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Properties 

Sapphire  (AJ.,0  ) 

Fused  Silica  (Si  0 ,) 

Long  wave  limit  (|<) 

”» 

3.  ">  to  4.  S 

Transmissivity  at  2g,  0.  2 thick 

S.1  percent 

9 3 percent 

Hardness  (Knoop) 

1 eOO  to  2200 

4 70 

Melting  point 

20  30°C 

Softening  point 

— 

I TOO  to  1 700°C 

Average  thermal  exponent 
20  to  500°C 

7.7  x 10"D  °C 

0.55  X 1 0 °c 

T ensile  at  500°C 

2 . 7 6 x 1 0 S N / m 2 
(40,  000  psi) 

('.  9 x 10*  N'm2 

(10.  000  psi) 

Young's  modulus 

3.  S - 3.0  x 101  1 N /m 2 
( ‘30-nt.  x 10*'  psi) 

7.  2 n x 10]0  N/m 2 

(10._  x 1 0 1 ps  i) 

Modulus  of  rupture 

4.  n - 0.9  x 10  3 N/m2 
( t>5-100,  000  psi) 



Density,  gm/cc 

3.9* 

) ? 

W< 

Index  of  refraction  2.  2g 

1.73 

1 4 3 

Venus  surface  temperature.  The  relatively  low  tensile  strength  of  t>.  0 x 
;°N/m  >(1(>,000  p s i 1 at  r3  37°C.  however,  and  the  low  nmiiulus  ot  7.  2S  x 
10  N/in  (10.  x 100  psi)  rccjiiirr  a relatively  thick  window  to  maintain 
structural  integrity  ami  minimize  deflections. 

As  a result  ot  its  overall  superiority  in  all  laetors  related  to  window 
material  selection,  sapphire  has  been  selected  as  the  baseline  material  for 
windows  operating  in  the  visible  wavelengths. 

J.l'l  '.‘l ri'd  y* t hs  . (candidate  matt  ■:  i:t  I k studied  for  windows 
operating  in  the  infrared  (/.'A  to  M ) wavelength  are  hot  pressed  zinc 
sulfide  (JRTR  \N  II),  hot  pressed  zinc  selenidc  (IRTRAN  IV)  and  chemically 
vapor  deposited  zinc  selcnide  (CVH  A.nSe).  I ’rope  rtc.  » of  tin  se  materials 
are  summed  up  in  la!)!e  I.  and  the  transmission  and  rmissivitv 

characteristics  are  shown  in  Figure  1 '-i~2. 
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TABLE  -4.  5-3. 


PROPERTIES  OF  CANDIDATE  MATERIALS 
OPERATING  IX  IR  WAVELENGTHS 


FOR  WINDOWS 


Material 

Properties 

Chemically  Vapor 
Deposited 
Zinc  Sulfide 
( C VD  ?l  nSe) 

Hot  Pressed 
Z.inc  Selenide 
(IRTRAX  IV) 

Cheir.ii  ally  Vapor 
Deposited 
Zinc  Selenide 
(C  VD  Z nSe  i 

Hardness  (Knoop) 

354 

Approximately  250 

Approximately  250 

Melting  noint  f'C) 

- 

1 , 500 

1 

2 , 500 

Average  thermal  exponent  f'C'1) 

6.9x10  (> 

7.4x1  0"6 

7.4  x 1 0 ” r" 

Young’s  modulus  X/M ? 
'Annealed)  Ipsi) 

9 . 6 5 x 1 0 1 0 
(14.  0 x 10  ) 

7.  2 x If;1  0 
(10,  3 x 10  6 ) 

] A ! 
7. 2 x io; 

f 2 0.  3 x 2 0f'  ) , 

Modulus  of  ruoture  X 
(Annealed)  'psi) 

1 . 03  x 1 08 
(15,  000.1 

4.14  x 1 O' 
(6,000) 

i 

4.1  4 v 10 

(6,000) 

Density  em  cc 

4.  1 

5.  4 

5.  4 

1 0.  6^.  absorption 
c oeffi ( ient 

~ 0.  05  cm  1 

0.  015  cm"1" 

1 

_ T I 

0.  005  cm 

i 

Effect  of  200  F on  10.  6^ 
absorption  coefficient 

t 

o 

£*s 

3 

1 

Unknown , but 
believed  to  be 
small 

| 

No  change  < 

| 

Index  of  refraction:  10(; 

2.  20 

2.  40 

i 

2.  40 

Extinction  coefficient;  takes  sc  .ttering  into  account 


It  is  possible  to  make  a high  temperature  (/<>(>  C)  nui"  '< 
n res  sure  seal  between  IRTRAN  II  ami  a nickel  iron  ,p-»..m.  u.-,....i  a “ 
frit'."  AUcrnatlvoly,  tlu-  piopcrtios  .1  ll>.;  »»t»wl 

ItVc  of  a hollow  mJulHc  O ,1..K  boorto*  <»  tho  .«»..•  n.l  »«««■  " - - •>•«» 

temperature  seals.  

Sealing  a window  of  IRTRAN  IV  nan  of  aceompUfli.-d  by  In-aring.  using 
a ceramic  ,J  to  brace  the  material  to  a ™ 

would  interface  with  the  pressure  vessel.  An  al  ^ • . 

use  a hollow  metallic  O ring  bearing  directly  on  the  lace  ol  the  mat  . r . 

Particle  impingement  may  be  a probleui  for  ^ 7 s ancl  and 'dust 
deployments  a velocttv  of  Mad,  0.  7 Alter  the  parachoto 

terminal  descent  speed  may  approach  lo  m/sec.  1 r-  - for 

is  a harder  material  than  any  studied  here  (6.  5 moh  as  compaicc  t • 

ZnS  and  3 to  4 moh  for  the  ZnSe),  indicated  chipping  0 could  be' 

^lo^h^ement  Ccb.citi os’  and  some  form  of 
detection  for  the  planetary  flux  radiometc  r du  ring  the  period  iramed  lately 

following  parachute  deployment  may  be  require;!,  r u • 1 11  ^ L'  acids  and 
some  form  of  continuous  protection  is  protection  Horn  attack  by  ae  sa 
” S and  ZnS-  do  not  possess  the  exceptional  euemu  al  me  rim’**  £ 

sapphire  or  fused  silica,  and  while  they  will  wdthsta.Kt  ... lute  acid*  and  has.  s 
at  room  temperature,  concentrated  acids  and  bases  w:. I d«  will' 

It  is  possible  that  at  elevated  temperatures,  e% . r 

Ckch  the  surface  of  these  materials. 

Zinc  sulfide  has  the  best  material  p rope rli.-s ; l.owev,- r,  ZnS  has  a 
lattice  absorption  band  which  begins  at  about  !0.  n a eaus.t.g  u *, 
of  the  material  to  increase  with  inc  rcasing  tempe ratu  , (1  u • ;)iinil 

Thus,  both  t .c  transmission  and  the  emitted  on.  t ' ‘h'  lnflinsi 

centered  at  in.  3 are  strongly  t.nupe ra  ure  depemu  . , • # " " . n ui  lvd 

the  use  of  ZnS  cS  a window  material  m the  waw  bai.o  '>.  . 

by  the  planetary  flux  radiometer. 

IllTRAN  IV  and  CVD  ZnSe  are  mechanically  i^1*  *1,  'iVsieued 

Table  4.5-3.  Either  material,  when  used  m a 1 m.  a 1 j 
to  withstand  1.  3H  x 10?  (2,  000  psi)  at  a temperature  ot  4M.  C.'vth  * J ^ 
factor  of  four,  requires  a window  thickness  of  31  " n ( ‘ - JVD  Zl.Sl. 

fairly  thick  v ndow.  lmt  due  to  the  extreme  y scatUi  w a|, 

material,  its  10.  f,  absorption  coefficient  -*  ,/f  rnNi!Ua„.|y 

absorption  through  the  window  in  the  ...  1 * ■ . 

1.5  percent,  compared  to  « to  10  percent  to.  IRTRAN  IN. 

•rhus  CVD  ZnSe  is  the  selected  infrared  science  instrument  window 
material.  Win,  provided  with  some  degree  of  |.r.t-;r, - | £.m  m <wt  s'al  l’1’' 

m eii t,  a requirement  shared  by  all  candidate.  ".at.  na 
criteria  for  the  planetary  flux  radiometer  window. 
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1 lii’i  r usf  i .s  nut  r i i on- 1 n ended  mi  sapphire  windows  u\i  opt  ivh.'iv 
experiment  f.uisiiiorat  ions  inaki  mandatory,  as  t lie*  !u\v  r efracl  i vi*  index  ut' 
sappliiri*  itt  tin*  visible  wavelengt:  (approsiin.it  i*K  1.7  1)  Keeps  losses  o\ 

reflection  at  the  window  surfaces  very  low  lor  single  element  optical  systems 
without  tin*  usu  of  coalings. 

Coat  in iib  am  also  available  lor  tin*  ('.\  0 ZuSe  selected  Kir  iU  trans- 
parent. probe  windows.  These  coatinps  routinely  survi  •*  rsposttri*  to  tem- 
peratures ot  rv5.'l1C.  in  at  r tor  periods  ol  Z 0 min  during  brazing  operations 
performed  on  mated  windows.  Tlu*se  capubi  1 it  ies  would  lu;  increased  in  tiu* 
low  oxygen  dry  atmosphere  ot  Venus.  Hughes  experience  shows  abrasion 
resistance  to  lu*  good,  anti  the  matings  will  puss  the  MIL-  M-  1 .ibOSR  tests 
for  adhesion  and  hardness. 


The  relatively  high  refractive  index  (approximately  Z.-l)  of  the  CYD 
ZnSi*  material  makes  tin*  vise  of  matings  appear  attractive.  High  efficiency 
multilayer  IK  wavelength  coatings  such  as  the  IK  H.  K.  A.  series  supplied  by 
Optical  Coating  Labs,  Inc.  can  provide  efficiencies  of  ,lS.  n pv*reent  pet*  su  r- 
iaee  m tin*  ti  to  11.  i'  wavelengths,  tor  a total  transmittance  of  over  '‘a  per- 
cent compared  to  slightly  over  7d  percent  for  an  uncoated  sample. 

Testing  ot  tliese  coatings  to  verify  their  surviv  ability  in  the  Venus 
envii  outwent  is  recoin  mended,  as  tlteir  use  appears  highly  desirable. 

Window  Mei  liaiiii  a!  Design 


Seals.  All  probe  window  penetrations  m ist  maintain  a licrtuetu  seal 
under  evlem.il  conditions  ranging  from  hard  v.iviium  at  --ItT’C  to  approximate! 
100  atm  .it  over  -1st'  ('.  High  pressure  exposure  :s  i:  mtleii  to  approximatelv 
1 hour,  while  the  v.uuum  encountered  during  Ka  rt.li- Venus  transit  lasts  for 
several  months. 
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window,  and  il  requires  added  weight  tor  electrica I switching  it  he. (tor  pmviT 
iri  t o ho  out  at  10  Ion.  Thu  slightly  decreased  optical  transmissivity  of  tho 
film  heated  window  van  bo  oompunsutod  for  in  instrumont  calibration. 

Accordingly,  tho  double  window,  film  located  configuration  has  boon 
chosen  on  tho  basis  of  minimum  weight  as  baseline  window  configuration  tor 
the  aureole  extinction  detector  experiment, 

Solar  Radiometer  Window.  The  solar  radiometer  window  provides  a 
t IS  deg~~~fieTd  Tvf  View  In  the  horizontal  plane  and  a J_ t> S deg.  field  ot  view  in 
the  vertical  plane,  centered  about  a line  ot  sight  contained  in  the  -X,  ) /. 
quadrant  of  the  X-Z  plane,  parallel  to  6-1  mm  and  (2.  SO  in.  ) below  the  negative 
X-axis.  The  solar  radiometer  operates  in  the  visible  wavelengths  ti'oni  0.  i to 
3 g , allowing  use  of  sapphire  as  a window  material,  llo.it  must  be  supplied 
to  the  window  throughout  the  descent  to  prevent  condensation  on  the  window 
surface. 

The  wide  field  of  view  required  in  the  vertical  plane  requires  either  a 
largo  window  ir.  the  pressure  vessel  wall,  or  some  means  of  placing  the 
scanning  prism  or  mirror  outside  the  pressure  vessel,  allowing  a relatively 
small  penetration.  Both  methods  were  investigated. 

Concept  1 (Figure  4.  S-7b)  uses  64  by  1 2.  7 mm  (2.  =<  km  0.  =>  in.  ) optical 
si/.e  window,  3mm  (0.  12a  in.)  thick,  mounted  in  a boss  integrally  machined  in 
tin1  pressure  vessel  wall.  Concept  2 (Figure  4.  '-<a)  is  designed  to  minimize 
the  penetration  size  required  in  the  pressure  vessel  wall.  Temperature  pro- 
traction for  the  motor  is  provided  by  the  heat"  sinking  it  to  the  relatively  cool 
pressure  vessel,  and  burying  it  under  the  external  insulation.  lhe  weight 
penalty  for  the  motor  is  considered  to  be  minimal,  as  it  replaces  the  scan- 
ning motor  incorporated  in  the  experiment.  Concept  i (1*  igure  4.  b-/c)  also 
brings  the  scanning  optics  outside  the  contour  of  the  pressure  vessel,  but 
keeps  them  in  the  relatively  benign  interior  environment.  This  reduces  heat 
flow  to  tin'  pressure  vessel  wall  .tilling  the  peripheral  sheathed  element  heater 
in  heating  the  window.  Heater  power  is  further  reduced  by  a d.7">  mm  (c  0 U» 
in.  thick)  window  spaced  lmni(fl.  in.  h)  from  the  inside  lace  of  the  heated 
window,  which  acts  as  a barrier  to  heat  losses  from  thermal  convection  and 
radiation. 

The  optical  properties  ot  configuration  t arc  as  good  as  those  ot  any 
i on  figuration  examined.  The  lower  weight  of  contiguration  2 (valid  in  anv 
case  only  if  stepper  motor  weight  is  assigned  to  the  experiment)  is  balanced 
by  the  in*,  reused  risk,  and  development  eosts  involved  in  developing  the  preeise 
externally  mounted  mechanization  required  for  scanning  prism  positioning. 

These  factors,  together  with  the  inferior  optical  qualifies  ot  this  configuration 
led  to  its  rejection.  A comparison  of  total  system  weights  (including  bntterv 
weight  required  to  supply  heater  power)  shows  configuration  f to  be  tar  superior 
to  contiguration  l.  This  superiority  in  weight,  plus  the  elimination  ot  the 
v.  indou  hot  spot  due  to  remote  mounting  of  the  heated  window,  led  to  selection 
of  this  concept  as  baseline  configuration  for  the  solar  radiometer  window. 
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INSULATION 


• ) EXTERNAL  SCANNING  MIRROR  0.068  <0.15  lb) 

(WEIGHT  OF  STEPPER  MOTOR  NOT  INCl  UOLO) 


b)  PRESSURE  VESSEL  MOUNTED  WINDOW  0. 


FIGURE  4. 57.  SOLAR  H.UX  RAOIOMFTFR  WINDOW  CANDIDATE  CONI  IGURATIONS 

4- 1 \ 9 

:\  .,.;k  ril -Mi 


, l 'A' 


FOLDuU'i 


■*. 
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VESSEL  MOUNTED  WINDOW  0.14  Kfl  (0.3  lb) 


C)  REMOTE  MOUNTED  WINDOW  EXTERNAL  SCANNING  ELEMENT  0.13k»(0.27  IE) 
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contained  in  tin-  ' V • ' A w,  veleng.hs  range.rorn  i <»  ‘ < h • 

(„.  7S  in.)  Torn  the  0 *r^  »,  -elected  as  tin-  window 
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, ond.'nsaUon  on  ihe  "inuow  *<uta<  < . 

Two  .onn.urath.ns  worn  studied  urn  th;; 

window,  a * lowing  r,»np;i ri*»u  W f } „1Jtil.a)  diameter  ~1.«' 

figuration  1 (Visin'  ■>.  - •*•')  * » - ,|f  cvl)  /nhc-. 

mm  (0.  H o in.  ) thick  window  labru.-U 

wJth  ^TiTfZu)  Sdlaln^  ^ V ° 

NWnCi°  ' . . i tin>  lighter  weight  associated  with 

The  mechanical  simplicity  a«^  result^  *ornblm.d  with  equal  or  lower  _ 
the  bra/.ed  window  ot  coniigurauon  o h ■ fhoicc  tor  the  baseline  sola- 

heater  power  requirements  m?kc  this  K 

radiometer  window  configuration. 

»£» i r£S£r:-c  c,ual  “ 

the  relatively  high  conductance  bia/eu 

Cloud  ~Pa rticle  Si/.c  Spec^rgm^^ ^0 Vn  J^iam^er  view 
spectrometer  window  provides  a constat  - ^ Jxternauy  mounted  mirror, 

field  extending  between  the  P^scurejes^  in  the  l X , -Z  quadrant 

The  view  field  io  centered  on  a line  o ± __  from  the  probe  X-axis. 

Straus 


Two  diffor.-m  .-xp.-rlntonl  optical  > “TaV*AiVrA°th<-  second  one 

n ,.,1  p„s».  a «insl<-  in.  J mnt  ( 1.  O w.  ) « , _n  , ,lia„u.r  aperture  on 
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Hump  eonfipurations  (F  Lpur''  4*  J 1 window'  tor  Lin’  experiment  concept 
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a)  BRAZED  WINDOW  0.14  (0.31  lb) 


Uc.UHl  4«>8  °t  .'if  rARYftUX  RADIOMH  ER  WINDOW  CANf^lDAH  CONFUiUHATIONS 
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PRESSURE  VESSEL 


ai  REMOTE  MOUNTEO  DUAL  WINDOWS  0.18  kg  (0.40  lb) 

(WEIGHT  INCLUDES  MIRROR  SUPPORT  STRUCTURE 
NOT  SHOWN) 

FlCiURt  4.5-9.  CLOUD  PAR  FlCL  • Sl/F  SPtCTFIOMt  U R WINDOW  CANDIDATE  CONFIGURATIONS 
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Weights  ii.r  j in  ii  in  ainn  pis  studied  •.•it.  i •imp.i  red  hv  adding 
mirror  support.  structure  Wi  iiihl  liuures  lo  tin'  " indow  weights  of  nmri'pls  1 
ami  lo  arrive  ai  a total  system  weight  for  eneli.  Ihater  power  require- 
ments were  also  tcnip.ivi  lor  eiu'li  eoneepi,  with  imi'riir  healer  power  con- 
sumption assunn  d to  In  the  same  for  all. 


Conti  jiu  rat’ on  1 is  elenrly  the  lightest.  system,  and  uses  the  hast 
power,  leading  to  jt;:  seleeiion,  with  assoeiaied  mirror  support  structure  as 
baseline  window  contici  ration  for  the  cloud  particle  si/.e  spectrometer. 
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FIGURE  4.-J  10.  CANDIDATE  WINDOW  HE' ATE  R CONFIGURATIONS 
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. | ;,  J ; 1(  _ , , ,•  ,.!'•:•«•  •.>.!.  «i  VS  iiS  , ' 1*  tdcl  S ItflVC  l.ecll 

Vm’.'hrn  imai.r’p  -wcr  r, -quire,.-.  ms.  \t  V.  nm-  su  nu<  ‘ onditiops 
the  n.a->  i:i.  dial.  .ter  v.i:  was  • ' he  n.  ph.  lmm-i .- r require  - We  ach.  hr 
1 in.  diameter  fthui..w.s  ...  :!.»•  c ■..»»«!  particle  size  unuly  /.«  ■’  and  the  pianola  t ; 
flux  rumomelcr  requi  re  12  W and  the  2 in.  ova]  w:  mow  lor  the  s.Mai  jIun 
ruriiotm-t  er  requires  20  W.  Heater  power  sehcciul  m::  t.1 1 o < 1 h M udi re.  v.  . i . 

H usiim  a nuit  ix.ller  h.  hr.  ptke  windows  at  a set  temperature  differential 
with  . rst.ru  to  and,!.  2)  turning  the  heaters  on  at  lull  power  when  U «•  alt 
rover  is  Jettisoned;  anci  i)  us  ini:  two  power  1 1 • \ im.iatms:  P-)V‘ 1 ' n 

when  thr  alter  eoc  er  is  irlti sum  d and  sv.'ttrhin;:  t-  • hick  pov.1.1  at  paiac  m i 
release.  As  a result.  oi  these  studies  thr  siuuJo  power  let,  cl  approach  Aas 
determined  to  be  a minimum  weicht  system  and  was  selectuu  as  a baseline. 

Fhri.'r  window  heater  confis>u rat  toms  were  studied  for  windows  exposed 
to  the  full  differential  between  Venus  atmosphere  ambient  and  probe  internal 
pressure:  1)  film  heaters  nsinu  a thin  layer  oi  a proprietary  ton  due  tor  de- 

posited on  the  window  surface,  2)  healing  elements  eons i sting  of  Mun  wires 
sandwiched  between  lay  ers  of  sapphire.  Grooves  would  be  etched  into  <- 
surface  to  mechanicallv  retain  Urn  heal  inn  elements,  i)  edge  h eat  mg  by  means 
of  electric  al  lu-atine  elements  wrapped  around  the  wnutow  periphery  m dii  ect 
contact  with  the  window  edge,  A)  edge  heating  by  means  oi  electrical  beating 
elements  enclosed  in  a metallic  sheath  which  contacts  the  window  edge  (see 
F igure  -l.  n-  10). 

An  valuation  of  these  enti  gu  rat  ion-  led  to  rejection  of  the  f.lm  heater 
for  pressure  wmdows  f . r reasons  of  now.  r density  and  the  difficulty  of  nU- 
crating  electrical  contacts  into  She  small  window  sizes  used.  The  sandwic  i 
heater  approach  is  an  efficient  system,  but  the  extra  thickness  u f sap  pi in 
required  as  a retainer  (the  Pressure  window  must  retain  its  full  thickness,  aS 
no  bonding  material  can  wist  at  the  required  temperatures  to  form  the  two 
windows  into  an  integral  structure),  as  well  as  Mm  unavoidable  optical  los  c 
■ t the  extra  interface,  led  to  rejection  of  this  approach.  Hare  efectiu  ai 
hearne  elements  represent  the  highest  efficiency  lor  ed.ee  heater  ca.nti.uuia- 
tions,  unci  are  potentially  the  lowest  weight  method,  but  fundamental  difficulties 
in  maintaining  electrical  Isolation  m extrenu  ly  c oii.pact  winciow  colourations 
and  at  the  Id  eh  temperatures  under  investigation  as  well  as  g cm  l ation  ol  stiay 
ma-netic  fields  t.  ake  this  a high  risk  approach.  Healing  elements  enclosed  in 
TmLltie  sheath  and  b.  at  ’ ng  th.  window  around  its  oeriphc-ry  were  selected 
as  a b;  u-linc  because  tln-y  are  well  dew  loped,  space  qua  hi  led,  and  a\a.labl, 
in  a Wid  . varief.  „i  shapes  and  Power  ratines,  'ichimg  - very  flexible  and 
1,1W  risk' 'anproacit.  hi  addition,  the  bifila-  nature  the  hfuHlii!  element 
current  flow  ethnmates  stray  magneti.  fields. 

For  n.inpressi.re  windows,  with  llu-ir  much  smaller  rat  <>  of  thickness 

diameter,  him  heaters  save  considerable  jMier  .pared  to  edge  heat  n.u. 

sele.  lion  him  heaters  as  a baseline  ... lit. pu ration  tor  all 
,.SI|  v.-.ud  w:  Op.  r.«t. ■ I»p-  IP  the  visible  ran-  e. 
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Contaminant 


K i 


al  Ns  :il  ems 


.n,,,  oroin.  window  solaces  bx  liquid  or  soli,,  partu  les 

*usp«nulc7in"ho  atmosphere  of  Venus  max  mgml  mai.l  lx  'iegrade  tl.o  oMhti. 
,m.«t  data  obtained  through  Hu  xvm.K.xvs. 


i,\  which  xv inflow  contamination  could  nn-ur  were 
i oh  , oust  Hut  cd  tin-  greatest  throat  to  xv  inflow  optical 


Sovoral  processes 
examined  to  determine  xvl 
proportion. 

Owct  an, I «.«.!«  IH-o.'i-  rcnUyOv  minor  l.ro'.ln";*- 

o£  nasii.s,  m in"  *ms  •«  * *.mr Ocl«»  'i r»- vomo J liy  ncloctm* 

heaters,  and  abrasion  c ansi  / 1 . . sa.,nhire  Eli  lung  of  window 

abrasion  resistant  window  materials,  btuh  * f * 1 j ( {U,allh  with  by 

surfaces  by  the  chemical  action  ol  acids  01  basi  s is  also 
selection  ol'  window  materials  which  are  chemically  uu 

Accordingly,  as  windoxv  heaters  arc  already  earned,  ‘ ^ al^’A 

Acco  1 ainr 1 ) was  limited  to  those  capable  ol  deaims  xvith 

contamination  removal  systems  was  lin-uxeu  in- 

formation of  a liquid  film  or  adherence  of  particles  o»  caoplcts. 



methods  of  contaminant  removal  have  been  studied. 

1)  Frangible,  squib  actuated  tempered  glass  protective  covers 

2)  Transparent,  ietlisonablc  protective  cover 
Both  of  the  preceding  methods  — 

c°\mr  down  to  a * ^cumulated  contaminants  (accumulation  ol  xvliur 

“ by  a sudden  change  in  readings  following  cover  removal). 


3) 


Tran  soar  ent  rotary  shutter.  This  shutter  could  be  operated  m 
'!oa,S» - rapid  continuous  rotation  (at  least  several  thousand 
rpm)  would  sling  contaminants  off  by  centrifugal  lore  e,  alU  - na 
tively,  slower,  stepped  rotation  would  bring  a cleai  ana  i 
shutter  into  view  prior  to  each  reading. 

it  Mechanical  shutter.  Solenoid  actuated,  the  shutter  minimizes 
Uu.  amount  of  time  that  the  window  is  exposed  to  contannnalHn  . 


") 


riimivir'ir 


I,)  ijj.s  lot.  A !;as  Id  stem  iininii  a squib  act  nut  ed  valve  1<>  11,11  l! 

,>  Kti  i I'oin  un  internal  reservoir  t » . imz/IrM  udia,  out  m euclt  window 
,'equiros  relal  i v.-l  v lilt ! .•  «l.-\  el.*P»>eiii  effort  and  i.s  adaplablc  * 1 1 
sunk i'ii  wind. >w  j. ; did  I is  l>>  tar  tin-  lu'.ivii'd  and  l.ul i i *•  :sl  ss»tem 
nmsiilrri’il.  An  alternate  i.'.as  >•!  Ht  ci„  usinu  tilt  > rnd  ran',  air  ^ 
was  rvaliiairi:  and  appears  attractive  Im-.  ausn  ul  its  low  wdiAd  am. 
com  pi  id  el  \ pasMM'  I..ilurr,  lint  considerable  trslmp  would  no 
required  to  dot  nr  in  inr  system  oltoetivenoss. 

•\  pivl  imi  nar  v analysis  lias  In  on  oondmtod  to  yiolcl  wei.ubt,  power 
ciin  sun  i pt  ion  ando.hor  oharaeteristics  lor  each  oonfi.uu  rat  ion  non  s i no  rod. 

Flu*  results  of  t ho  so  studios  arc  .summarized  in  I able  ■). 

On  tho  basis  of  thoso  studios,  j ottLsor.ab.lo  prolootivo  rot  era  aro 
roroinmoulod  as  a baseline  contaminant  removal  system  lor  windows  opera!  inr. 
in  tho  visible  r ar.vio  booauso  ol  thoir  low  weight,  low  power  consumption,  and 
low  development  risk. 

Pressure  Sotijjor  IiAetSy  st  em_ 

Fho  primary  function  of  the  pressure  sensor  inlet  system  is  to  provide 
ambient  pressure  to  the  internallv  mounted  pressure  sensor.  In  addition,  t lie 
inlet  system  must  satisfy  the  foUowuii;  requirements: 

1)  l.o oat  ion:  The  inlet  system  must  sample  pressure  at  loeutions 

in  the* "forward  hemisphere  30  dou  either  side  ot  the  descent  axis 

.entph:  To  minimize  line  pressure  loss,  the  sensor  assetnblv, 

should  be  located  as  close  as  possible  to  the  ports.  t'\nrall 
/ p no  li-npt li  should  bo  umli't'  1^0  mm  (t*.  d ) 

A St  nil  i it  raj:  The  mod  through  aperture  in  the  pressure  \j;«*el 

should  not  afl'eet  pressure  vessel  s'ruetural  mteoiity.  11  im  s 
carry ino.  ambient  pressure  inside  tho  pressure  vessel  will  no 
sized  to  a safety  factor  ol  tour 

|t  Seals:  The  food  through  the  internal  pressure  lines,  and  the 

fiVt  inn  which.  ;o  i : i s the  pressure  sense  lines  to  the  pressure 
sen  so  r will  maintain  a hermetic  seal  thrmujunii  all  phases  ol 
the  m i s s ioti 

lMoekace:  The  nressure  lines  are  required  to  be  lar:*e  enough 

(“'n.Tinni  (<b  2‘*  in.)  diameter)  to  be  sell- clear  mu  m the  event 

ot  internal  condensation 

„)  Installation:  Access  must  be  provided  for  eonnoctmn  ot  the  'll- 

Ionia!  pressure  line  to  tin  fittine.  on  Die  pressure  sensor  ussemolv 
durim;  experiment  installation 

Cwo  mlet  simIoii  were  • on  side  rod,  one  -I  which  allow,.; 

, |io  oro-'s.iro  sensor  to  bo  mounted  on  tlu:  equipment  shell,  am.  the  other 
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-(j.  COMPARISON  Oh'  CANDIDATE  CONF)C:lJi<A'rl0‘NS‘ 
CONTAMINANT  REMOVAL  SYSTEMS 


Characteristics 


Approach 

Co.jtiiiiw  w'ly  Ailing  by*' 


Hi jh  Prp*surr  (ir\s  %M 


Operation 


Removes  contaminants 
Shields  window 


Effec  tiveness 


Droplet/  particle 
accumulation 


Liquid  film 


As.  id  etch 


Abrasion 

Mechanization 


Mass  per  window 
• ommands  required 


iV.i-r  required  for 

window 


Relative  reliability 


[»e*At|ve  development 
i ffort  required 


l_ 


,.x  1 1 y a ptahle  In 
i frrent  •••indow 
•*nfi;u  rations 


Ki>*ed  nozzle  directs 
pas  fai’v  over  window, 
blowing  contaminants 
off 


Ram  Air  Has  Jet 


-Hji 


'M 


Ram  air  collected  by 
oop  and  filtered , 


wn  ducted  across 
kvindow  .hiclding  win- 
dow from  contaminants 


Yes 

Yes 


No 

Yes 


Difficult  to  assess 
wilhout  testing 


Very  difficult  to  >9606R 
without  testing 


Potentially  fair  to 
pood 

Potentially  fair  to 
pood 

Difficult  to  assess 


( on  Id  ini  rra'*e 
abrasion  (sandblast) 


Sol»*n«»d  aituatcd 
alve  periodic  ally 
bleed  pas  from 
reservoir.  Regulator 
required  to  lower  gas 
on  sumption 

l«*  (I?..  5 lb) 


squib  hs  tuat  ton 
pulse  for  system  .start 
1/10  duty  4 ycle  pulses 
for  sohruud 


Very  difficult  to  assess 
without  testing 


Very  difficult  to  assess 
without  testing 


Very  difficult  to  assess 
without  testing 


Good 


Completely  passive 


91  g (0.?.  ll>) 
None 


Squib  pulse  plus  7 W 
average  continuous 

Good  due  to  simple 
him  hani/.a?  ion 


-ow  - primarily 
•sting  to  evaluat r 
performan.  e and 
ptimizr  design 


Yef. 


None 


Very  high  due  to 
passive  nature  of 
sy  st  mi 


No 


Rapidly  rotating  trans- 
parent cover  slings 
contaminants  off 


Wiper  mechanically 
removes  contamir.to** 
from  outer  of  double 
k-indew  configuration 


No 

Yes 


Yes 

No 


’ies 


Pot c*nt iailv  good; 
testing  required  for 
evaluat  ion 


Potentially  excellent 
if  suitable  wiper 
material  available 


Potentially  good 
Potentially  excellent 

Cover  jjusc eotihlo 


Good,  but  <ov-r  suj- 
i ■•ylihlc  to  abrasion 


Elect  ric  motor  drives 
rotating  disc  shaped 
cover  —continuous  or 
s'epped  rotation 


Depor.cs 
contar.* 
protect’*' 
with  respect  : 
unprotected  >• 


acme 
? ret:t 


e for 
on  t ami 


1 b< 


:;or..  b .i  4 an  only 
used  one e 


Excellent 

K.xcellcn. 


D 4 pends  on  v»  iptr 
material  and 
contaminant 


Could  increase 
abrasion 


Solenoid  sweeps  wiper 
spring  return 


0. 


8 Kg  (1.5  lb) 

quirt'd 


l 4 ommand 
system  actuation 


I 0.  68  kg  (i . 5 Ibl 

1 / i 0 duty  cycle  pulse; 
I required  for  switching 
. power  to  solenoid 


Solenoid 


pin 


JG  .al  oreshea 

t»'tr.*'er  t d class 

total 


nvi  r 


fi  • 5 5 k g 


:0 


ret 


High  — cut*  nsiv* 

« velopnient  requirt»«J 
to  define  system  and 
evaluate  performance 


Potentially  low  due  to 
4 iltllph'X  in* « haniz  i- 
torn 


High  c\l«  imive 
tleve  lopmn.t  requiret 
In  qualify  hi. ;h  tem- 
pi rutur*  motor  and 
drive  iih hatiiatii 


No 


(inod,  as  mechanir.a- 
!'•  n ib  ‘imply  redun- 
dancy provided  bv 
spri  ;g  return 


Cotrn  and 
prior  It  vd-  L !r.*'! 
nu*r.t  reading  ’o  s' 
solenoid  a*  open 
shutter 


• , at  ion 
• *re<l  (o 
.integral 


13  W 


oon  t * 

ry 


,ir.;/.a'i4»n 

Red  It** 
daut  ailuatioa  pro- 
vided by  spring 

< artriege 


High  - development 
required  to  define  and 
qualify  suitable  wiper 
mat  dial 


ow  — tmvha:.i< 
(U  velopiTK'lit  i . • 
ho.h  tempi ratu 
qualification  o: 
riieihanism 


al 


ed  << 


. tO 

.r  ••  .»rd 
■.it  ion 


,-iiiiila 

»*•*#  | util 


\'u*vet  i*  ► 


Nc 


No 


\ »'* 


I'liu1  i'»; 
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'IGU  RATIONS- 


. Syslc-us 


j^-trans- 

mhgs 

**/ 


:3  for 


M.  clismicM  Wipir 


r 


Mechanical  h..  j'. '•••:■ 


Wiper  mechanically 
removes  contaminants 
from  outer  of  double 
window  configuration 

Yes 

No 

Potentially  excellent 
if  suitable  wiper 
material  available 


Excclli  nt 

Excellent 

Depends  or.  wiper 
material  and 
contaminant 

sus-  Could  increase 
hmn  abrasion 


-client 


it* 


Mechanical  shutter 
opens  only  during 
reading;,  mi/.in.iamg 
window  exposure  to 
contaminants 

No 

Yes 

D* pends  on  nature  of 
contaminants.  Sr.rtic 
protection  inherent 
with  respect  to 
unprotected  window 


I 1 


6 rives 
• aped 
or 


Solenoid  sweeps  wiper 
spring  return 


"J  i 0.68  hg  <1.5  lo> 

l^uirrrl  1/10  duty  cycle  pulses 
: jo-  j required  fur  sw  itching 
I power  to  solenoid 


1 7 W 


. dur  to 


i quicof 

' 4«»rn  • 

• '-“and 


as  nie<  hani/.a- 
t’^n  is  simple  redun- 
dancy provided  l,y 
fj.riv.;:  return 


High  - development 
n (pared  to  tleli.ie  aim) 
qualify  suitaole  w;per 
material 

No 


!.•  C.a*  r 


t*' «; 


.1  I.  < .-.VI  r 


’/  V. 


’I  ranspnretit  cover 

shatter^,  arrwnu 
my  i.  i u!imU:ttl 

contaminant*! 


i ea 
Ira 

Very  effective  foe 
alt  type 6 of  contarni 
nation,  but  can  on.y 
he  used  or.ee 


r.-nsi-arent  over 
.»•,  ...r  . ariyn.g 

away  •»  • m..uia:ed 
contaminants 


Very  t ft«*c  live  f >r 
all  types  of  i or*  asm- 
nation  hut  c*»n  on.y 
he  used  one r 


Solenoid  open  shutter 
against  return  spring 


0.45  Vg  (1.0  1«>) 

Command  r<  ••!■*«•«» 
prior  to  each  n ■’ ru‘ 
meat  reading  *o  switch 
solenoid  at  d open 
j shutter 

H W 

(i.iod,  t.»c»  -iiins /.at  >'''•* 

ry  ms. .ole  Ked.m- 
da»:'  Al  It;  at  i«a*»  pro- 
dded by  spring 
art  ridgi 
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• u\  .•  r.  f\  - » r«  d tor 
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i/.W  *•  iiii'i  luitU1  al 
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(,..Ahfo  til  mu  of  driv* 
rticLh.uuam 


J iqv.ih 

Very  Mtf»  "* 

,tr.iK-.lf..rv.i.r.' 

huh  iiai»i»Htion 
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t over  J*  «t »-»•*» 
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•v  »l*l 
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easy  t‘»  in. piemen*. 
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mounting  the  |iivsmiri'  sriism’  directly  to  tin-  wall  <.i  the  pressure  el 

( Fi  mn-f  1 . r>-  1 1 ). 

riif  Hlifll  mounted  sensor  is  (lesi  rubl  e run:  ui*  ml  L^ratnni  standpoint , 
as  il  allow:  all  up  installation  ami  checkout  ot  units  on  a single  shelf  outside 
tlm  pressure  \essel,  and  does  away  wit))  the  need  lor  hrmkei.s  inside  the 
shell,  or  extension  of  the  shell  electrical  harness  in  non-shell  mounted  units. 

The  wall  mounted  unit  is  more  difficult  to  integrate,  hut  does  not  need 
the  lone  pressure  lines  required  hy  a shelf  mounted  unit. 

As  the  functional  requirements  of  the  science  payload  are  considered 
to  have  highest  priority  in  evaluation  of  design  approaches,  the  wall  mounted 
sensor  hu.s  been  chosen  as  the  baseline  approach  lo  inlet  system  integration 
because  it  minimizes  pressure  sensor  line  length  compared  to  the  shelf 
mounted  configuration. 

Stagnation  Point  Pressure  Sensor  Inlet  System 

The  small  probe  pressure  sensor  inlet  system  must  provide  a pressure 
port  at  tile  small  probe  stagnation  point  while  minimizing  total  line  length  to 
reduce  line  pressure  losses.  In  addition,  the  following  requirements  must  be 
satisfied: 

11  Structural:  The  feedthrough  aperture  in  the  pressure  vessel  wall 

must  not  affect  pressure  vessel  structural  integrity.  The  lines 
carrying  ambient  pressure  inside  the  probe,  because  of  the 
mission  cri;  ieal  nature  ol  their  failure  will  be  sized  to  a safety 
factor  of  four.  The  resulting  weight  penalty  is  negligible  due 
to  the  small  size  and  short  length  of  internal  lines. 

2)  Seals.  The  feedthrough,  internal  pressure  lines,  and  all  internal 
fittings  in  the  system  will  maintain  a hermetic  seal  throughout  all 
phases  of  the  mission. 

I VI  oc  kage:  l iie  pressure  lines  must  be  large  enough  (>6..i  mm 

(0.  Z5  in.))  to  be  self- clearing  in  the  event  of  internal  condensation. 

4)  Installation:  Access  must  be  provided  for  connection  of  the  inter- 
nal pressure  line  lo  the  fitting  on  ihe  pressure  sensor  assembly 
during  experiment  integration.  Access  may  also  be  required  for 
inlet  system/  aero  shell  integration. 

Design  considerations  involved  in  pressure  vessel/ sensor  integration 
were  solved  in  the  manner  evolved  for  the  large  probe.  Three  inlet  system 
designs  capable  of  meeting  these  objectives  were  considered:  A passive 
suvivablo  probe,  a mechanically  jettisoned  ablatahle  plug,  and  a pyroteehnii 
cutter  system  (Figure  I."- 12).  A comparison  of  the  candidate  pressure  sensor 
inlet  system  characteristics  is  presents  in  Cable  4,^-7. 
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side  red  applicable  to  the  probe  .««£■  ( considered  to  be  the  system 

entry,  not  botore.  The  P V rot^ ni  «■  utU  , comUtion;  lt.  advantages  m 

q(* st  able  to  withstand  the  i title..  . I ^ pyrotechnic  cutter  in-tli.-ht 

other  areas  arc  clear  cut.  Ac  • J~ - ^ IFn  design  tor  the  pressu 

- the  — i>robe* 


v-^innw'ipr  Window  Frotcdliv,c_C^l 


The  small  probe  nephelomecer  Y^iVexnosod  to  a high  thermal  flux 
sphere  of  the  small  probe,  a location  wh  ^ ^ ^ window,  a cover  is 

during  Venus  entry.  l"  ntlUw  during  entry  and  whhh  nu.  subse- 

allow  operation  of  the  experiment. 

Two  neuhelometer  window  ,°l K aHdvS  jeitUo^able 

ated ; a mechanically  latched  door  ann  ^ | ^ characteristics  of  the  two 
cover  (Figure  l.n-lo).  laoU  '•  • 

aPPr°aCh0S‘  llv  (Figure  -l.n-lbu)  consists  of  two  parts: 

The  orotective  door  assembly  (h  r,  ,villl  the  aft  hemisphere 


all 


ext  e 1 


,tn  hood  and  hinp,  fittings  are  covered 

titanium  structure*:  all  '^[./Vetained  in  the  closed  position  >v  a two 

with  G.F..  KSM  ablator.  !>*  .(1°01  l;’  . , (-  4 H ,,-chnology  series  boOA  non 

hall  latching  assembly  v im  h is  - -tod  hy  C,  -t^l  ^ stained  tn  the 

exolosive  initiator,  liponlatil  : ,s  providing  a elea  r fu  U1  c t 

view  for  the  instrument.  Total 

The  ovroteeluueally  actuated  -*  .Vlo  V"  ‘VuS ' tll'o  V«-i ti  snmible  < ^ 
attached  to  the  at,  insulation  retain.- . s ‘ l . ■»  - ■ u,  isonable  portion 

direc  tu  to  the  hood,  < :i r c u. '■ > ■’  rent . |u>,h  i(nd  cove  r as  tn 

of  the  .over,  leaving  H a't.n  he..  . 1 ■ ^ ^ rnv(.,„(i  with  G.  K-  KSM  .J  ‘>r  * 
the  previous  confi  miration , a.  ‘ « » . 1 ■ rol.i  l.ni.  initiator.  1 he  hot 
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r A | l .!•:  I.-..  •(.  COMPARISON  OF  OllAUAO  i'KH  I.S  I IC.S 


Meehanii  all;.  Lull  lies  l)nr>1‘ 

lilt)  ( ) 1 i C *« » \ i*  P 

Advantages: 

Advantages : 

D 

Lighter  wei.ht  (U.  lb  Kg  vs. 
0.  1 H kg) 

1) 

Effectively  solid  state  - no  mov- 
ing parts  (high  g) 

2) 

Method  of  operation  straight- 
forward 

2) 

Very  simple 

3) 

Door  positively  retained  after 
activation 

3) 

Reliable'  seal  during  entry  - no 
pap 

Di  sadvantages: 

Di radvantag es : 

1) 

Gap  around  door  required 

1) 

Heavier 

2) 

Complex  - high  parts  count 

2) 

Testing  required  to  establish 
repeatability 

3) 

High  g susceptibility 
(str.  deformation?  ) 

3) 

Possible  damage  caused  by  door 
impact 

4) 

Susceptible  to  jamming  by- 
char  red  ablator 

4) 

Possible  window  contamination 
if  tube  ruptures 

tube  from  fiat  to  tubular,  displacing  the  cover  outward  lur  enough  to  fracture 
the  seven  retaining  links,  and  delivering  an  impulse  which  llings  the  cover 
away  at  high  velocity.  All  cases  caused  by  initiator  firing  are  contained,  les- 
sening the  risk  of  window  contamination.  The  pyrotechnic  shock  of  actuator  tub 
expansion  is  attenuated  by  a titanium  backup  ring,  and  further  reduced  by  trans 
mission  through  the  hood  structure.  As  there  is  no  direct  structural  tie  between 
the  cover- hood  assembly  and  the  window,  pyro  shock  is  not  considered  to  be 
a problem.  Total  calculated  mass  for  this  sytem  is  1).  IK  I p (0.41  lb). 


Due  to  the  mission  critical  nature  of  window  protection  during  entry, 
the  ability  of  the  cover  assembly  to  provide  tins  protection  with  highest  possi- 
ble reliability  under  the  high  entry  g loading  condition  encountered  bv  the 
small  probes  becomes  the  primary  criteria  for  system  evaluation.  Accord- 
ingly, the  positive  seal  and  superior  high  g survivability  of  the  blow-off  cover 
are  consiilen  d to  nutweight  the  advantages  of  lighter  weight  and  conceptually 
simpler  operation  possessed  by  the  door.  In  addition,  the  types  of  lailure 
likely  to  lie  encountered  by  the  blow-off  cover  prima'  iiy  affect  operation  of 
the  ncplieloinetcr  only;  failure  of  Liu-  door  latch,  or  opening  of  the  door-hood 
gup  as  a result  <>!  structural  d.<  formation  durum  high  on  l r,  g- iouds  could  cause 
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Antenna  Co-Axial  l.ead  Feedthrough 

1 he  primary  requirement  of  the  antenna  coax  feed  through  is  to  allow 
the  rf  current  from  the  probe  rf  subsystem  to  penetrate  the-pressure  vessel 
and  reach  the  communications  antenna.  Additional  requirements  include; 

1)  Minimization  of  rt  losses.  Total  coax  Jiue  length  and  the  number 
of  bends  in  the  line  should  be  minimized 

2)  Integration.  Access  must  be  provided  for  connection  of  the 
pressure  vessel  mounted  feedthrough  to  the  shelf  mounted  rf  sub- 
system 

3)  Seals.  The  rf  feedthrough,  in  combination  with  the  transmission 
line  to  the  antenna,  should  not  provide  a thermal  path  allowin'’ 
excessive  heat  transfer  to  the  probe  interior. 

4)  Thermal.  The  rf  feedthrough,  in  combination  with  the  trans- 
mission line  to  the  antenna,  should  not  provide  a thermal  path 
allowing  excessive  heat  transfer  to  the  probe  interior. 


. - Tw°  approaches  to  integration  of  the  rf  feedthrough  were  studied  (Figure 
'l.  D-lb,.  Table  4.  5- 10  compares  the  characteristics  of  the  two  candidate 
approaches. 


Simplicity  and  case  of  integration  were  emphasized  in  the  first  concept. 
The  second  concept  (Figure  4.  5- 16a)  attempts  to  minimize  total  line  length 
and  the  number  of  bends  required  by  locating  the  rf  feedthrough  directly  below 
the  antenna.  In  both  concepts  a circular  flange  on  the  lower  face  of  the  antenna 
is  attached  to  a support  ring  which  is  fastened  to  the  pressure  vessel  wall, 
providing  a lightweight  and  very  stiff  mounting  for  the  antenna.  Co- axial  feed- 
throughs used  m either  concept  take  advantage  of  the  ceramic  sealing  techniques 
discussed  in  the  subsection  that  follows  to  withstand  the  high  temperature  and 
high  pressure  environment  encountered. 

Primary  criteria  chosen  for  evaluation  of  rf  feedthrough  design 
approaches  is  rf  loss.  In  this  area,  the  axial  feedthrough  has  a clear  advantage. 

The  two  concepts  are  approximately  equal  in  the  areas  of  integration, 
weight,  and  structural  impact  on  the  pressure  vessel  wall,  eliminating  these  as 
selection  criteria. 

Criteria  in  which  the  remote  feedthrough  enjoys  superiority  are  sealing, 
with  only  one  interface  to  seal  instead  of  two,  simplicity,  and  thermal  conduc- 
tion to  the  probe  interior.  None  of  these  areas,  however,  are  considered 
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Thor/Delta  Baseline  Configuration  Description 


This  section  describes  the-design  approaches  used  in  integrating  the 
penetrations  w-ith  the  T-hor/Belta  la-rge  and  small  probe  structures.  Design 
of  items  used  for-this  study's  baseline  definition  is  based  on  the  configuration 
presented  at  the  January  1973  midterm- review.  No-attempt  ha-s  beerumade 
to  incorporate  revisions  to  the  payload  subsequently  received. 

This  configuration  is  based  on_a  550  mm  ( 21.  5-in.  ) inside  diameter 
spherical  pressure  vessel  which  splits  at  a horizontal  flange  that  incorporates 
a metallic  O-ring  pressure  seal.  Two  disc  shaped  equipment  shelves  mount 
all  of  the  science  and  housekeeping  subsystems;  one  shelf  mounts  in  each 
hemisphere.-  Insulation  is  solid  and  is  mounted  externally  in  a layer  approxi- 
mately 25.4  mm  (1.0  in)  thick.  The  insulation  layer  is  retained  by  thin  metal 
hemispheres  which  form  an  outer  skin.  .All  windows  and  protuberances  must- 
interface  with  both  skin  and  insulation. 

Six  windows  accommodate  five  optical  experiments,  and  two  pressure- 
sensors  and  a mass  spectrometer  inlet  system  pass  through  the  pressure 
vessel  wall—  No  radar  antennas  are  carried. 

The  Thor/Delta  baseline  small  probe  configuration  is  in  almost  every 
respect  a miniature  [-325-.  mm  (12.  3 in)  dia.]  version  of  the  large.  However, 
the  amount  of  instrumentation  is  much  reduced.  Only  one  window  is  carried, 
in  the  aft  hemisphere,  and  only_a  single- pressure  sehsor  line  passes  through 
the  pressure  vessel  wall. 

Science  Penetrations  — Thor/Delta  Large  Probe 

Penetrations  providing  the  science  payload  of  the  large  probe  with 
direct  physical  access  to  the  atmosphere  of  Venus  and  those  which  give  optical 
access  to  the  probe  exterior  (windows)  are  described  in  the  sections  which 
follow,  as  well  as  the  components  mounted~on  the  outer  surface. 

Two  experiments  require  direct  access  to  the  Venus  atmosphere:  the 
mass  spectrometei  ind  the  pressure  sensors.  Three  experiments  require 
that  components  be  mounted  exterior  to  the  pressure  vessel:  the  temperature 
and  hygrometer  sensons  and  the  condensing  mirror  or  the  cloud  particle  size 
spectrometer. 

Optical  windows  are  required  by  five  of  the  instruments  carried  on 
the  large  probe:  the  nephelometer,  aureole  extinction  detector,  solar  radi- 
ometer, planetary  fiux  radiometer,  and  cloud  particle  size  spectrometer. 

Table  4.5-11  provides  a summary  of  the  selected  Thor/Delta  baseline 
window  configurations  for  each  experiment  and  their  important  character- 
istics. Figure  4.5-17  shows  the  location  of  each  window  on  the  baseline  Thor/ 
Delta  large  probe.  Contamination  protection  is  provided  by  jettisonable  pro- 
tective rovers  over  each  window. 

J ettisonable  Cover.  Contaminants  accumulate  on  a transparent, 
heated,  cover "wfncli  protects  the  window  until  it  is  jettisoned  at  a set  altitude, 
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TART.E  4.  5-11.  SUMMARY  OF  CHARACTERISTICS:  LARGE  PROBE 
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Configuration 


Instrument* 


Nephelomcier  Source- 


Nephe lo meter  Sensor 


Quantity 
Field  of-vlc-w— 


Aperture  fixe 


Windpve-mat  e r l rl 
Long  wave  cutoff 
Type  heater 


1 deg  conical 


0.64  cm  (0.25  in.) 
diameter 


Sapphire 

3.5 

Sheathed  element 


Heater  power 
Type  seal 

Window  assembly  mm 
Contamination  removal 
Comments 


2 W 
Braze 

4.5  g (0.01  lb) 
Jettiaonr.blr  cover 


Lightest  weight  configu- 
ration examined. 

Re  mot*:  mounting  for 
window  thermal  isolation 


Aureoie  Extinction 
Detector 


2SL7. 


5 deg  conical 


1 . 3 cm  (0.  50  in. ) 
diamOter- 


Sapphire 

3t-5 

Sheathed  element 


6 W 
Braze 

18  g (0.04  lb) 
Jcttisonable  cover 


Window  larger  than 
source  window  to 
accommodate  wider  field 
of  view.  Same  general 
configuration 


In  v -rlical  plane  *15  deg 
In  hori-sontal  plane 
* 1 /.l  « eg 


2.  5 cm  (1.0  Vn.  ) 

diameter 


Sapphire 

3.5 


Film  hjator  — outer 
window  only 


.4  W (O  f at  40  km) 
O-ring 

8?  g (t  18  lb) 
Jettiro  table  cover 


Space  between  inner  and 
outer  window  hermetic- 
ally sexled 


Planetary  Flux 
Solar  Radiometer  Radiometer 


ti 


>U' 


In  vertical  plane  *60  deg 
In  horizontal  plane 
* 15-deg 


Vertical  5.1  cm(2.0lrw) 
Horizontal  1 . 3 cm 
(0.50  in.  )_ 


^Sapphire 

3.5 

Sheathed  clement- 


5 deg  conical 


2.  5 cm  (1. 0 in.  ) 

diameter 


CVD  ZnSe 
13.  5 


22  W 
O-ring 

118  g (0.26  lb 
Jcttisonable  cover 


O-ring  seal  used  to  pro- 
vide 4ncr  a»ed  thermal 
isolati  n fo  window 


Sheathed  element 
(if  requir 


18  W 

BrazA 

141  g (0.  31  lb) 
Jcttisonable  cover 


Thick  window  duet 
modulur  of  rupture 
1R  transparent  win 
material 


^Chemically  vapor  deposited  zinc  aelenide 
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Instruments 


Sr-mle-  Extinction 
— D<  teeter 


»jrtical  plane  ±15  deg 
j^ioritontal  plane 
— *-'U-  « eg 

Eb  cm  (1.0  in. ) 
m*nctnr 


gpk|>hi.»*e 

ijfcn  b;ater  - outer 
f^dovt  only 

■**  {OH  at  40  km) 

E-r  ih* 

2\r  (t  i 8 lb) 

ieo-iabl*'  cover 

=c.  ;e,-b«*tween  inner  and 
<*t  ’V/indow  hermetic- 
set  led 


1 

In  vertical  plane  ±60  deg 
In  horizontal  plane 
±15  deg 

Vertical  5.  1 cm  (2. 0 liw-) 
Horizontal  1 . 3 cm 
(0.50  in.) 

Sapphire 

3.  5 

Sheathed  element 

22  W 
O-ring 

1 16  g (0.26  lb 

Jcttieonable  cover 

O-ring  seal  used  to  pro- 
vide <ncr  ased  thermal 
isolati  n fo.  window 


5 <heg  conical 


2.  5 cm  (1 . 0 in.  ) 
diameter 


CVD  ZnSc 
13.5 

Sheathed  element 
(ii  required) 

18  W 

Braze 

141  g (0.  31  lb) 
Jcttisonablt  cover 

Thick  window  due  to  low 
modulus  '*f  rupture  of 
IR  transparent  window- 
material 


1 . 3 ern  (0.  50  in.  ) 
constant  diameter 

0.  64  cm  (0.  23  ir.. ) 

1 . 3 cm  (0.  50  in.  ) 
diameter 

0.  64  cm  (0.  25  in.  ) 

Sapphire 

3.5 

Sheathed  clement 

8 W (total) 

Braze 

45  g (0.  10  !•») 

.Tcttisonnblc  cover 

Dual  window  confi^- 
uratirn  is  lightest 
configuration  and 

uses  the  I'-ast  hca*e- 
power  of  (i  o 

examined 
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arrying  away  contaxninaut.fi  and  exposing  the  clean  inner  -window.  Eight 
ollets-retained  by  a split-metal  band  hold  the- cover  in  place  against  the 
oree  of  eight-spring,  loaded  plungers  (Figured.  5-18>.  When  the  band  is 
•eleased  by  a hot  wire  initiator,  the-eover  ie  ejected  and  carried  away  by  the 
ilipstrcam.  Window  heatingJis  provided-by  a transparent  film  heater  similar 
o that  used  on  the  frangible  window  configuration—  Spring  type  electrical 
:onnectors  to  the  window  heater  are  designed  hot  to  hinder  window  jettison^ 


vindow  of-the- aureole  extinction  detector  experiment  (i  igure  4.  b-b),  omer- 
vise  the  pressure  differential  across  the  outer  window  could  prevent  jettison. 
Accordingly,  a burst  diaphragm-is  provided  in- the  structure  separating  the 
windows.  When  the  pressure  differential  across  the  diaphragm  equals  a 
ireset  amount  corresponding  to  the  altitude  of  window  jettison,  it  ruptures, 
equalizing  pressure  across  the  outer  window  and  allowing  jettison  to  be  ae- 
:omplished.-  Exact  timing  of  the  rupture  with  respect  to  initiator  firing  is 
rot  important;  either  the  initiator  will  not  have  xe  i fired  before  pressure 
equalization,  and  a normal  jettison  will  result,  Oi  else  the  retaining  collets 
will  h.-ve  been  released  prior  to-diaphragm_ruptui  <■,  and  jettison  wiU  occur 
immediately  upon  pressure  equalization. 

Instruments  looking  through  the  ewer  would  probably  have  to  be  cali- 
brated both  with  and  without  the  cover.  A sudden  change  in  reading  after 
cover  disposal  would  indicate  the  presence  of  a contaminant  buildup,  Thl® 
approach  could-be  adapted  to  the  planetary  flux  radiometer's  IR  wavelength 
requirement*,  but  the  modulus  of  rupture  of  suitable  IR  transparent  cover 
materials  is  very  low,  making  use  of  a positive  ejection  meehanism  difficult. 

In  addition,  the  film  heater  configuration  proposed  for  the  visible  wavelength 
covers  is  not  transparent  in  the  IR  wavelengths  of  interest,  and  alternate 
methods  of  heating  the  relatively  thin  cover  window  are  prohibitively  inef- 
ficient. 

Due  to  the  relatively  simple  mechanization,  this  is  a light  system, 
with  mass  of  0.  023  to  0.  045  kg  (0.  05  to  0.  10  lbm)  per  window  for  a squib 
operated  system  and  approximately  0.  18  to  0.  36  kg  (0.4  to  0.  8 lbm)  for  a 
solenoid  actuated  system. 

Power  required  for  tVie  cover  jettison  is  limited  to  a single  squib  or 
solenoid  actuating  current  pulse.  Maximum  window  hwater  power  required 
just  prior  to  window  jettison  is  4 W. 

Reliability  of  the  squib  actuated  system  is  ve^y  high  because  it  is 
simple  and  the  reliability  of  the  squibs  high.  Reliability  of  the  solenoid  actu- 
ated system  depends  on  development  of  a suitable  space-qualified  high  temper- 
ature solenoid  and  is  potentially  very  good.  Transparency  of  the  cover  pro- 
vides some  capability  in  event  of  actuator  failure. 


Temperature  limitations  on  the  squib  operated  Gonliguration  imvu  rauumuiu. 
iltitude  for  window  jettison-to  something-about  4f)  knn.  A properly  thermally 
nsulated— sdenoid  could  probably  operate  to  lower  altitudes. 

A slightly  modified  approach  is  used-for  the  hermetically  sealed 
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Tho  cover  is  effective  against  all-modes  of  contamination  when  used, 
a-mi  overall  effectiveness  is  high  if  contaminants  are  concentrated- above  win- 
dow disposal  height,  but  one  shot  operation  limits  use. 


Development  of  the  jettison  mechanism  is  straightforward . Interaction 
of  the-jettisoned  cover  with  the  probe  slipstream  is  an  unknown  quantity, 
requiring  testing  to  evabiate.  Solenoid  activation  would  require  development 
and  qualification  of  a -s uito-bi'e  high  temperature-solenoid . 

s s Spectrometer . The  double  focusing  type  of  spectrometer  does 
not  l&ncTltselt  to  irrs-tailai'ion  from  the  outside,  as  the  analyzer  as-swnes  a 
somewhat  wide,  flat  layout  with  a number  of  rather  bulky  components  sepa- 
rated by  high-vacuum  plumbing.  This  layout  is  well  suited  for  shelf. mounting, 
with  the  inlet  assembly  protruding  out  through  the  pressure  vessel  wall  radially 
at  an  angular  distance  of  approximately  sixty  degrees  from  the  probe-stag- 
nation point.  For  the  purposes  of  design,  a 3 in  diameter  inlet  system  was 
assumed,  although  this  is  felt  to  be  quite- conservative  (Figure  4,5-19).  To 
insure  that  the  rigidly  shelf  mounted  inlet  system  does  not  constrain  the 
pressure  vessel  wall,  sealing  is  accomplished  by  means  of  a bellows  in 
addition  to  the  metallic  O-ritig,  .Additional -flange  bolts  are  required  to  over- 
come the  adverse  pressure  load  caused  by  internal  installation  of-the  flange. 

The  squib-driven  guillotines  must,  be  mounted  after-assembly  so  the  hat  can 
be  fitted  through  the— relatively  small  aperture. 


This  design  is  somewhat  bulky  and  adequate  room  must-be  allowed  on 

the  shelf  to  give- the  analyzet-room  for- installation.  This  type  of  spectrometer 

requires  final  installation  after  the  other  components  and  equipment  shelves 
are  installed  in  the  pressure  vessel  in  order  to  maintain  the- integrity  of  their 
vacuum  systems. 

Cloud  Particle  Size  Spectrometer  Mirror  Mount.  The  cloud  particle 
size  spectrometer  utilrzes  an  externally  mounted  condensing  mirror  as  part 
of  its  optical  subsystem  (Figure  4.  5-20).  The  instrument  mounted  mirror 
support  structure  joins  mirror,  pressure  window,  and  instrument  to  a 
single  unit.  A support  tube  mounted  to  the  instrument  case  protrudes  through 
the  pressure  vessel  wall  and  incorporates  a seat  for  a metallic  O-ring  seal  in 
a boss  machined  into  its  outer  end.  The  tube  is  sealed  to  the  pressure  vessel 
wall  with  a welded  metal  bellows  which  incorporates  a metallic  O-ring  sealed 
flange  that  bolts  to  the  wall,  completing  the  hermetic  seal.  A sapphire  window 
and  metallic  O-ring  mount  to  the  outer  end  of  the  tube,  and  the  threaded 
retainer  ring  that  holds  the  window  in  place  also  retains  the  mirror  support 
struts  at  their  inboard  end.  At  their  outboard  end,  the  struts  support  the 
mirror  directly;  no  provision  for  final  adjustment  is  required,  as  the  entire 
assembly  is  machined  as  a unit  to  provide  built-in  alignment.  A s in  the 
pressure  vessel  mounted  struts,  low  expansion  coefficient  high  thermal 
conductivity  alloys  are  used  to  minimize  thermal  gradient  induced  deflections. 
The  bellows  seal  decouples  the  instrument  from  the  deflections  of  the  pressure 
vessel,  helping  to  maintain  rigid  alignment.  As  pressure  loads  on  the  window 
are  not  reacted  in  the  pressure  vessel  wall,  the  instrument  case  must  be  sized 
io  accommodate  an  axial  load  of  approximately  7200  N (1600  Ibf)  at  the  surface 
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Figure  1.  Ma.;fj  Spectrometer  Ini 


FIGURE  4.6- 19.  MASS  SPECTROMETER  INLET  SYSTEM 
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of  Venus,  as  well  as  the  shear  and  moment-induced  in  the  support  tube  by  the 
entry  deceleration  loads. 

Pressure-Sensor  Inlet  System.  The- primary  requirement  to  be  satis- 
fied in_design  .of-the-inlet  system  for  the  pressure-  sensor  is  keeping-the  inlet 
within  30  deg_of  the  Drobe  stagnation-point  while  minimizing  line  length  to  the 
internal  sensor.  Shelf  and  pressure  vessel  wall  locations  for  the  sensor  unit 
were  studiedt-the  wall  mounted  sensor  provides  significantly  reduced  line 
lengths  for  the  system  ana-ha s been  chosen  as  the  baseline  configuration 
(Figure  4.  5-2"l). 

Temperature  and  Hygrometer  Sensor  Mounting-.  The  temperature  and 
hygrometer  sensors  must  be  mounted  outside  the  boundary  layer  at  positions 
of  maximum  air  flow.  The  sensor  assembly  is  mounted  to  a fitting  which 
bolts  to  the  exterior  of  the  pressure  vessel  waLl  (Figure  4.  5-22).  This  con- 
figuration-allows  installation  and  checkout  of  the  sensor  prior  to  installation 
of  the  insulation  layer  and  allows  sensor  inertia  loads  to-be  reacted  directly 
into  the  pressure  vessel. 

Science  Penetrations  — Thor/Delta  Small  Probe 


Primary  constraints. imposed.cn  externally  mounted  experiments  and 
those  which  must  penetrate  the  pressure  vessel-structure  have  been  discussed- 
in  a previous  section.  These  constraints  apply  equally  well  to  the  small' 
probe,  but  another- requirement  has  been- added:  Externally  mounted"  experi* 
ment  s must  be- able  to- withstand  the  heat  flux- imposed  by  the  probe  wake  on 
the  aft  half  of  the  probe  during  entry.  Three  experiment  components  require 
protection  fr-em  the  entry  heat  flux:  the  temperature  sensor,  the  pressure 
sensor  inlet  system,  and  the  nephelometer  window-.  In  addition,-  the  pressuie 
sensor  requires  a penetration  in  the  pressure  vessel  wall  to  provide  access 
to  the  atmosphere. 

Nephelometer  Window  Installation.  The  small  probe  nephelometer 
window  provides  a 15  deg  conical  field  of  %'iew  for  the  source  and  sensor 
lenses  of  the  instrument.  Both  fields  are  centered  about  a line  of  sight 
located  perpendicular  to-  the  probe  spin  axis  on  the  pressure  aft  hemisphere-. 
The  nephelometer  operates  in  the  wavelengths  between  0.  3 to  3 p,  allowing 
use  of  sapphire  as  a window  material.  Heat  must  be  supplied  to  the  window 
throughout  the  descent  to  prevent  condensation  on  the  window  surface,  and 
the  window  must  be  configured  such  that  the  outgoing  beam  from  the  light 
source  is  isolated  from  the  returning  reflected  light. 

Field  of  view  requirements  are  satisfied  by  a 37.  mm  (1.5  in)  optical 
size  pressure- window,  6.35  mm  (0.25  in)  thick.  A secondary  internal,  non- 
pressure window-0.  8 mm  (0.  030  in)  thick  is  spaced  0.32  mm  (0.  125  in)  from 
the  inner  surface  of  the  pressure  window  to  block  thermal  convection  and 
radiation.  Both  windows  are  mounted  at  the  outboard  end  of  a tube  welded 
into  the  pressure  vessel  wall  to  further  reduce  the  thermal  input  to  the  probe 
interior  (Figure  4.5-23).  The  window  is  heated  by  a sheathed  element  heater 
wrapped  around  the  window  periphery;  sealing  is  provided  by  a metallic  O-ring 
bearing  on  the  inboard  surface  of  the  pressure  window. 
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FIGURE  4.5-22.  LARGE  PROBE  TEMPERATURE  SENSOR  MOUNTING 
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No  provisions  for  contamination  removal  are  made  beyond  heating  the 
window,  but-a  jettisonable  protective  cover  is  provided  to  enahle-the-window 
to-withstand-  the  entry-heating  condition. 

The  small-probe  nephelometer  window  requires  a protective  cover 
which  can  be  opened  or  jettisoned  after  planetary  entry.  Two  concepts  were 
examined:  a mechanically  latched  door,  activated  by  a nonexplosive  initiator, 

and. a pyrotechnically  activated  jettisonable  cover,  using  a single  bridgewire 
apollo  standard  initiator  (Figure  4.  5-24). 

A pyrotechnically  jettisoned  cover  is  recommended  as  a baseline 
because  of  its  inherently  tail-safe  nature  with  respect  to  premature- window 
exposure. 

Stagnation  Point  Pressure  Sensor  Inlet  System.  The  small  probe 
pressure  sensor- inlet  must  be  located  at  the  probe  stagnation  point.  This 
requires  a penetration  in  the  probe  aeroshell  and  .ablator. 

A jettisonable,  ablating  teflon  plug,  removed  by  a pyrotechnically 
activated,  spring  driven_piston  was  selected  as  baseline  (Figure  4.5-25). 

Deployable  Temperature  Sensor.  The  platinum  wire  temperature 
sensors  considered  in  this  study  must  be  protected  from  exposure  to  the  high 
heat  flux  generated  by  probe  planetary  entry.  The  large  probe  sensors- are 
protected  by  the  aeroshell  until  it  is  jettisoned,  but  the  small  probe  sensor 
must  be  deployed  from,  a protective  housing  after  entry.  Deployment  must 
locate  the  sensor  in  the  free  air  stream  outside  the  boundary  layer.  Additional 
requirements  include: 

1)  High  e exposure.  The  deployment  mechanism  must  function 
reliably  after-exposure  to  the  700  g small  probe  entry  deceleration. 

2)  Envelope.  Prior  to  deployment,  the  sensor  mechanism  must  be 
contained  in  a cylindrical  volume  centered  on  the  probe  longitudinal 
axis  of  diameter  equal  to  that  of  the  probe  bus  attachment  ring 
inside  diameter. 

The  swing-out  deployment  mechanism  for  the  small  probe  temperature 
sensor  consists  of  three  parts:  the  base,  mounted  to  the  small  probe  aeroshell; 
the  swing  arm;  and  the  actuation  system  (Figure  4.  5-26),  The  base  serves  two 
functions:  it  provides  an  ablator  coated  housing  for  the  temperature  sensor 
during  entry  and  houses  the  pivot  bearings,  springs,  and  release  mechanisms 
comprising  the  activation  system.  The  base  is  machined  in  one  piece  from 
aluminum  alloy;  all  external  surfaces  are  coated  with  ESM  ablator.  The 
swing  arm  provides  a mount  for  the  platinum  wire  temperature  sensor  (similar 
to  the  Rosemount  Engineering  Co.  Model  101)  and  a conduit  for  the  temperature 
sensor  leads.  Like  the  base,  it  is  machined  from  aluminum  alloy;  all  external 
surfaces  are  coated  with  ESM  ablator. 

Activation  of  the  swing  arm  is  carried  out  by  a system  composed  of 
redundant  springs,  a redundant  hot  wire  initiator  release  mechanism,  and  a 
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FIGURE  4.5-20.  SWING  ARM  DEPLOYABLE  TEMPERATURE  SENSOR 
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deploying  by  a toggle  link  which  is  secured 'li,  the  , mi “ kppt  f™“ 
w.rc  initiators.  1! pomaetuation  „f  either  or  bott  of  the  ^ 

The-  impulse  from  either  spring  is  sufficicnt-te 'drnl'l'v  u°1“'V  ' pjvot  bearings, 
the  arm  is  restrained-by  the  spring  driven  pi„,„„  It  the 

Housekeeping  Penetrations  - Thor/Del  l.arge  and  Small  Probes 
task  .re^^hVr^ul^St 

and  out  of  the  herrneticallv  epaitvi  oo  " cui  rent,  both  dc  and  rf,  into 

Of  a limited  amLTo  access  ^ ■«»»<'  «“  Priding 

assembly  to  provide  for  electrical ‘S  Pressure  vessel  after 

view  of  the  housekeeping  penetration*  on  i-.-  ecjrical  umbilical.  A general 
Figure  4.5-27.  anc^  small  probes  is  shown  in 

SS»«SS2SS3 

regalements  P * 'h°9C  ' power  tp  M«»fy  EMI 

relatively  lo^^^stana0/  « to  convey  the 

pressure  vessel  wall.  While  maintaining  a hlrmetic"®  e^Yat'  Ve 0^““® 

Pins  and  high  pin  .0  pin  breakdown  fude: 

1)  Number  and  sine  of  pins.  A s many  as  60  pins  may  be  required 

anS  28  for  si®pal  l«*«  '»  No-  22  for  powe'r 

2)  a'Tnt'egn!;.  InsU“aU°»-*hould  affeet  pressure  vessel  structur- 

a,  an  JeVra? ^‘otTlhc^  1‘  a'28’  copsists  pf  8 machined 

metal  around  each  pin  This  air^m  ^ ma.'ie  fr”m  a ceramic  compatible 
header  while  maintaining  excellent  il.ct\teU^rt?e°.f,C5rIuX‘i“e 

;,!f  f rr 

K using  au  ceramic  or  all  glass  headers  were  rejected. 
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Wohlinu  was  rhoson  ns  thr-mcthnd  of  attaching  ihe  medthrnugh  to  t*e 
DredHurt*  v«*s“ol  wall  ns  >1  M.num^s  the  penetration  m,,  and  provide,,** 
best-possible  seal.  Welded  feedthroughs  are  thoroughly  spare  proven,  they 
w&re  ,ui^  im  the  liquid  oxygen  and  hydrogen  cryogenic  storage  tanks  in  tli  - 

Apollo  service  module.. 

IndividuaJ-pinR  on-each- side  of  the  header  are  brought  out  to  weld  type 
terminations  allowing  a stub  harness  to  be  hard  wired- to  each  side.  1 he 
entire  harncs s/fecdthro  igh  assembly  can  then  be  potted,  minimizing pro- 
trusion  on  tL  inside  of  the  pressure  vessel  and  providing  support  for  all 

wires  during-  high  G loadings. 

RF  Feedthroughs.  Radio  frequency  feedthroughs  for  bothJarBe  and 
small  pILa  use  c5»£m  fittings  incorporating  the  s.,me  type  of  metal/ 
ceramic  seal  used  in  dc  feedthroughs  (fc  igure  4.  5-29). 

probe 

routing. 

Access  and  Inspection  Ports, 
includes 

14-  location: 


Requirements  peculiar  to  ea&hport 


a) 


b) 


Inspection  Port.  To  enable  inspection  oi  the  interhemisphere 
internal  connector,  a location  between  the  two  shelves  and 
adjacent  to  the  connector  is  required  figure  4.  5-<.7). 

Access  Port.  The  requirement  for  access  after  pressure 
vessel  aeroshell  mating  indicates  an  access  port  locatien  af 
of  the  aft  shelf. 


2)  Size: 

,1  Inspection  Port.  25.4  mm  (1.0  in)  diameter  port  is  considered 
sufficient  for  visual  and  horoscope  inspection  ot  the  inter- 
hemisphere connector. 

b)  Access  Port.  Efficient  exhausting  of  cooling  air  and  access 
to  the  internal  test  receptable  arc  satisfied  with  a . mm 
(2.  0 in)  diameter  port . 

Inspection  Port  (Figure  4.  5-  10a).  A doubler  reinforced  25.4  mm 
(1  0 in  ) diameter  hole  in  the  pressure  vessel  wall  is  by  a concentric  0-«ng 

groove  and  hole  pattern.  The  25.4  mm  (1.0  in.  ) t uck  tlta o r\ tiu 
into  place  with  eight  fasteners;  sealing  is  provided  by  a me  tnllu.  O-n  g. 


II:.  . x ... 
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FIGURE  4.5-30.  ACCESS  AND  INSPECTION  PORT  CONFIGURATION 
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port  ^ ~- 

modate  system  test  tMvmvmAPi „ u wpecuon-porfc.  In  or-dm-  to  accoro- 
Sealing  for  l»th  cov£?,.  — *•  «*  «ed_ 

‘^Tpi^t^vrtj^r  rfet,bou  f-™  z&szxrgr 

pressurization  ofthc-probe’with  an  inerl  gas'beW^K’^^  ^ 

fastened^  the?pres su^  vel.ri^g^  ^ phas es  of  systems-  test.  It  is 
fught  cover>  J it_has  *; as  th\ 

system  of  ducts  on  the  probe  interior,  mates  with  TL  r cooling,  air.  A 
distributes  the  incoming  air-the  etrTntL H coohng  air  inlet  and 
of  the  cooling  air  exhaust-  Th.  P e serves  as  a plenum  lor  return 

access  to  tta? pr"be interior^  Th.  1'“  C.°V"  alao  Provides  electrical 

connector  mate  to-*  dedicatee*  test  receptaclet*  the^nr  -0°P  aod 

test  equipment  can  then  be  connected  t f th  probe  latenor:  external 

mounted  on  the  outside  of  the ettice  cot  C°nBeCt"  Vernal  plug 

The  In-Flight  Discount  . 

cutter- shows  clekr-BUperiori^  i f *•  "f,  COnflgur^°»  since  the 

receptacle  mechanical  -discoiXectTLthe  lr<52  2 ? initiated  plug  and 

electrical  isolation  and  simphettv  lrJJLV^  of:;ve^ht'-  “^ration, 
able  to  high-G  loadings. {Figure  4.  5-*3i)  xt  aPPear'&-f:ir  less  vulner- 

and  int ogf Tt ion °r  equ Fremont  is  Drovi d ^ ' Th"  PrimarS’  P“^«‘on  assembly 
out  and  Test,  and  renlS^  ‘u , "?  ?cce?s  to  all°w  tabulation,  check- 
or  eliminating  altogether  leakage 'nath^Vh*1®  thermal  integrity  by  minimizing 
atmosphere  to  the  pres,ur.  vesse^»^l  in‘u\Ui™  layer  from  the® 

would  consist  of  a seamlm,  .nh.Vm.lIi  ,,  ldeal  m5ulatl="  configuration 
In  practice,  w^ndow^d '"hi? S ‘ “ ‘‘“"T*”*?  “«  P-ssnre  vessel, 
must  be  found  to  support  the  er  ’ 2.T  P'<“t™ta  ‘hie  shell,  and  means 
loads.  The  supporting  provided  for  th!  1 aSainst  the  entry  deceleration 
layer  into  forward  and  aft  hemispheres  8 PurPose  divides  the  insulation 
spheres  could  be  cast  in  olsTi  f H % P^iple  the  insulation  hemi- 
and  the  support  ring  tain  m th!«selv«  “Mtly  around  protrusions 

the  penetrs^ion^-pr^'sure3^”  VseHiUerfaces^ffeimca^*1  W°UU  d“*  a“aaa  l° 
operations  such  as  leak  checks  or t Renting 

insulation  materials  available  dn  nor  i i In  afdltlon>  the  candidate 

the  actual  insulation  installation  will  invowVthJu^eTf0  Castin^  Aceordmgly, 
lation  which  will  be  individually  marhinoH  f th  of  many  pieces  of  insu- 

and  will  then  be  assomb  Id  s^riewhat  In  tb  accomm°dat'  ^ protrusion, 
jigsaw  puzzle  to  proTd  j a clpte  .pS.Hc.TXn  °l\,hr" 

protrusion  is  Iho«  in Figure  5I.|,j“l4t,°"  *»«•>  « typical 
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FIGURE  4.5-33.  INTEGRATION  OF  INSULATION  WITH  PROTUBERANCES 
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Atlas /Ci'ntaur  baseline  Cor.figural ion  Description 

| 

This  section  describes  the  haselino  design  approaches  used  in 
integration-of  science  and  housekeeping  subsystems  with  the  Atlas / Centaur 
large  and  small  probe  structures. 

I 

Like-tho  Thor/Delta  configuration,  the  basic  structural  configuration 
of  the  Atlas/ Centaur  probe  consists  of  a-sphorical  pressure  vessel  and  two 
internal  equipment  shelve*,  for  mounting  of  subsystems.  This  similarity 
has  made  many  of  the  tradeoffs  conducted  for  the  Ihor/Delta  probe  con- 
figuration directly  applicable,  and  many  Thor  /Pell  a design  approaches  have 
been  used  directly  on  the  Atlas / Centaur  probes.  Designs  carried  over 
virtually  unchanged  include: 

1)  Large  probe  science  integration: 

a)  Solar  radiometer  and  cloud  particle  s?ze  spectrometer 
windows 

b)  Mass  spectrometer  installation 

c)  Cloud  particle  si^e  spectrometer  mirror  mount 

d)  Pressure  sensor  inlet  system 

e)  Temperature  sensor  mounting 

2)  Small  probe  science  integration: 

a)  All  identical  to  Thor/Delta  approach 

3)  Housekeeping: 

a)  DC  and  rf  feedthroughs 

b)  Access  ports 

c)  In-flight  disconnect 

The  three  primary  differences  between  the  Thor/ Delta  and  Atlas/ 

Centaur  probes  include  the  larger,  maraging  steel  pressure  vessel  made 
possible  by  selection  of  a larger  booster;  the  internal  mounting  of  the 
insulation  subsystem,  and  the  new  science  payload. 

Of  those,  the  new  science  payload  lias  had  the  largest  impact, 
necessitating  new  science  integration  concepts  for  the  following  instruments: 

1)  Wind  drift/ altimeter  radar 

2)  Gas  chromatograph  inlet  system 
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FIGURE  4.5-34.  PLANETARY  FLUX  RADIOMETER  WINDOW 
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3)  Hygrometer  mount 


K lo^rrounS  thc^n,!  drifOaltimotcr  radar  antenna. 


Near  design  in  the  hoaseheepittg  are  as  restricted  to  concepts  tor 
installation  of  the  internal  insulation  subsystem. 


: / 


LJ 
i " . 


P>™"faTT  Flux  Radiometer^  Installation ■ ^ The  P Vconfi guriUion 
on  the  planetary  flux  radiome  e wind /altimeter  radomc.  Optical, 


In  dlrecTy  down- 

wlrdTh  rough  a 'nor Uontal  window  “h^“  ofthe'w indow  and 

^^LTen'toThfwaU  £.£.  ^practically  Urge. 


Accordingly,  the  window  teas  designed  w^t^optinal 

through  the  center  point  of  ce  mirror.  Tins  approach  has  three 

directed  downward  using  a front  surtax  mu 
advantages  over  a horizontal  window. 


11  Flexibility  of  location.  The  entire  radiometer  n^Y  b 

l)  focied  on  the  top  surface  of  the  lower  equipment  shelf, 
providing  ready  access  for  service. 


2)  Window  oriented  in  the  plane  of  tl«pr=  ^ir 

feature  simplifies  window  design  and  minimizes  tne  q 

aperture  size  in  the  wall. 


~ : 

. »„r.t-;rars  Rv  recessing  the  window, 

3)  Improved  contamination  pro  d‘ircr^  flux  of  possible  air- 

only  the  mirror  ts  exposed “ ^''Lcral  can  be  made  far. 

morre  r^tTm  “to  pitting  and  erosion  than  the  relatively  soft 
I.R  transparent  window  material. 


To  maintain  the  aerodynamic,  contour  of  the  probe  the  ££  “ he 

™ C°-d  W 

a streamlined  fairing  (Figure  4.5-34). 


. . . ti,.,  nrimarv  requirement  involved  in 

Hydrometer  Sejisor  Moarit_.  Th  P Jlrcam  flow  to  the  sensor 

9cnsor  tub0  and  acro8hel1  upon 

pressure  vessel/aerosholl  separation. 


To  minimize  interference  thr^rtg^Hace 

the  outer  surface  of  the  aerodynamic  fairing.  A scoo, 
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FIGURE  4.5-35.  HYGROMETER  SENSOR  INSTALLATION 
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directs  free  stream  a'r  to  the  sensor  inlet  while  bleeding  off  the  low  energy 
boundary  layer. 

The  fairing  also  provides  structural  support  for  the  sensor,  allowing 
easy  access  for  servicing.  The  fairing  power  and  signal  wire  harness 
provides  electrical  connection  with  the  probe  interior  (Figure  4.  5-35). 

Wind  Drift/Altimeter  Radar  Antenna  Inst allation.  The  wind-drift 
altimeter  radar  requirements  fall  into  three  general  classifications: 

1)  Field  of  view.  The  antenna  must  be  located  so  as  to  provide  an 
unobstructed  downward  view  from  parallel  to  the  spin  axis  to 

a 10  dog.  off  axis  plus  half  the  8 deg.  beam  width,  or  14  deg. 
total. 

2)  Transmission  line.  The  coaxial  cables  leading  from  the 
antenna  to  the  internal  radar  package  must  bo  as  short  as  - 
possible  and  of  equal  length.  Hermetic  seals  must  be  provided 
where  the  coaxial  cables  enter  the  pressure  vessel. 

3)  Aerodynamic.  The  antenna  installation  must  not  affec-t  the 
aerodynamic  stability  of  the  probe. 

Field  of  view  requirements  are  satisfied  by  locating  the  antenna  at 
the  forward  end  of  the  probe,  perpendicular- to  the  centerline.  The  antenna 
is  supported  by  a ring  shaped-bracket,,  which  also  serves  as  a forward 
atta-e-h  point  for  the  aerodynamic  fairing  and  a mounting  surface  for  the 
radome  (Figure  4.  5-36). 

The-  radome  is  fabricated  of  ceramic  foam,  and  is  held  to  a uniform 
half  wavelength  thickness  in  the  antenna  viewing  arc  to  minimize  reflective 
losses.  Its  edge  flanges  are  clamped  between  'ayers  of  resilient  "feltmetal" 
metal  packing  to  allow  for  differential  coefficients  of  thermal  expansion 
betwein  the  antenna  and  its  mounting  bracket.  The  packing  and  antenna  are 
both  held  in  place  by  a circumferential  clamp  ring  retained  by  eight  screws. 

In  combination  with  the  aerodynamic  fairing  the  radome  acts  to 
minimize  the  impact  of  the  antenna  on  probe  aerodynamics,  allowing  the  use 
of  a wind  tunnel  proven  aerodynamic  configuration  whose  stability  is  well 
established. 

Coaxial  cables  from  the  antenna  an-  led  outside  the  pressure  vessel 
to  hermetically  sealed  right  angle  coaxial  feedthroughs  welded  into  the 
pressure  vessel  shell.  The  feedthrough  location  is  above  the  level  of  the 
lower  equipment  shelf  to  facilitate  the  making  and  breaking  of  internal 
connections . 
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FIGURE  4.S36  WIND  pRIFT/ALTIMETER 


RADAR  ANTENNA  INSTALLATION 
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Ch-cmal  on raoh  Inlet  System  lnslal  bijj.o.  The  gas  ehromato-  _ 
graph  »4WH.  .n^.o.he 

instrument;  additional  requirements  to  be  met  mi  Hide. 


1 ) Lot- at  ion. 

2)  Structural. 


The  inlet  system  orifie  e must  be  located  in  the 
forward  hemisphere  of  the  probe. 

The  feedthrough  aperture  in  tin*  pressure  vessel 
wall  should  not  affect  pressure  vessel  structural 
integrity.  The  lines  t arrying  ambient  pr-es sure 
inside  the  pressure  vessel  will  be  sized  to  a 
safety  factor  of  four . 

The  feedthrough,  internal  pressure  lines,  and  the 
fittings  which  join  the-intakc  lino  to  feedthrough 
and  instrument  will  maintain  a hermetic  seal 
throughout  all  phases  of  the  mission. 

The  lines  will  be  large  enough  to  be  self-clearing 
in  the  event  of  internal  condensation. 

Installation.  Access  must  be  provided  for  connection  of  internal 
installation  ^ feedthrough  fittings  and  instrument  during 

shelf  installation. 


3 ) Seals  ■ 


4)  Blockage. 


5) 


The  inlet  system  consists  of  an  external  tube /feedthrough 
assembly.  and  an  internal  line  whieh  funs  from  the  feedthrough  to  the 
instrument  inlet  fitting-  (Figure  4.  5-37). 

The  O-ring  sealed  removable  feedthrough  assembly  is- located  above 
the  level  of  the  equipment  shelf  to  facilitate  system  installation  access. 

The  thin  wall  bellows  isolated  stainLess  steel  external  tube  runs  radially 
outward  from  the  feedthrough  fitting  and  terminates  in  a flange  bolted  to 
the  aerodynamic  fairing. 

The  internal  side  of  the  feedthrough  fitting  incorporates  a flare 
fitting  for  connection  to  the  heavy  wall  stainless  steel  ^rnal  h"  * 

A bellows  in  the  line  provides  for  thermal  expansion  induced  rela  _ 
displacements  between  the  shelf  mounted  instrument  and  the  wall  fixed 

feedthrough. 

The  relatively  small  size  of  the  required  penetration  does  not  affect 

preasure^vcssel  structural  integrity.  hut  the  0.  « in.  I.  D.  o£  the  line.  .. 

considered  sufficient  to  prevent  condensation  caused  Plumage. 

Internal  Insulation  Subsystem:  Mcchanica)Ji^n.  The  choice  of 

a lightweight,  nonload  hearing  fiberglass  batting  insulation  material, 
mount.TiS,kk.  the  pres  sure  vee.el,  require,  a completely  different 
to  mechanical  retention  of  tic  Insulation  layer  when  eon, pared  to  the  rigid 
Min-K  TE  1400  proposed  for  the  Thor/ Delta  probe  configuration. 
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FIGURE  4.5  37.  GAS  CHROMATOGRAPH  INLET  SYSTEM  INSTALLATION 
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In  ;n!rli  inn  I.  p-nviding  hirin  IiiimI  supp  r"  f . i*  ( ! . • • iucilnl  inn  baits, 
llir  insulut  ion  • 1 1 ; • I s stem  11/usl  tiiiLisU  the  lullu-.'.  ii.u  ri  qui  n-nient  s: 

1)  1 In-rn  ....  c'umturl  i ve  paths  through  t:n-  li'tttiru*  whieh  lend  to 

short  circuit'  tin'  insi  !nt  ion  layer  must  iie 
minimized. 

?)  Aci'i'ss.  I Ih*  insulation  layer  ami  its  support  structure*  must 
ho  installed  such  tloit  their  impact  on  installation 
am!  removal  of  pressun  v srcl  internal  structuro 
and  subsystems  is  minimized. 

Structural  support  for  the  insulation  battim  is  provided  by  a- 
spherical  monocnqtie  titanium  shell  spacer!  I 1 mm  (0. ’•  in.  ) from  the 
interior  surfm  e of  tl-.e  pressure  vessel  (Figure  •l.:*-3H).  By  attaching  the 
insulation  hatting  to  the  internal  shell  rather  than  the  pressure  vessel  wall 
itself,  heal  leaks  through  the  tiedowns  are  eliminated.  In  order  to  keep 
from  compressing  the  fell-like  insulation  material,  re.eiuion  is  provided 
by  spikes  fabricated  from  polimidide  plastic:  these  are  attached  to  the 
insulation  retainer  shell  at  their  bases  and  protrude  radially  outward,  not 
quite  contacting  the  pressure  vessel  wall.  These  retainers  impale  the 
insulation  layer  at  several  hundred  points  in  both  upper  and  lower  hemi- 
spheres, preventing  shifting  of  the  insulation  under  the  high  g loadings  of 
planetary  entry. 

To  maximize  access  to  the  probe  interior,  the  insulation  and 
retainer  is  divided  into  three  sections,  two  in  the  forward  hemisnhere  and 
one  in  the  aft.  All  three  sections  fasten  directly  to  the  pressure  vessel 
wall,  and  are  removed  as  a unit  with  the  pressure  vessel.  By  minimizing 
the  number  of  mounting  faces,  this  configuration  also  si  rves'to  minimize 
conductive  paths  through  the  insulation. 

Penetrations  of  the  insulation  layer  are  accommodated  by  tubular 
extensions  of  the  retainer  shell  and  by  jacketing  internal  protrusions  with 
insulation  to  minimize  their  heating  effect  on  the  probe  interior.  Penetra- 
tions can  he  disconnected  internally  to  allow  removal  of  shelves  without 
disruption  of  the  insulation  layer. 
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FIGURE  4,5-38.  INTERNAL  INSULATION  SUBSYSTEM  INSTALLATION 
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4,6  T1NTT  PArKAdlNCi  AND  INTEGRATION 

This  section  is  concerned  with  three  studios  which  won;  initiated  to 
suppoxt  the  design  and  uitugxatian-effDrl  on  the-  large  and  si'naU“pres sure 
vessels.  The  first  deals  with  the  evaluation  of  electronic  units  m~a  higli  gf 
environment  and  foam-packaging  mate-rial.  The  second  study  evaluates  tlw; 
use  of  microminiature  connectors  and  small  gage  wire,  and  the  third  stud} 
evaluates  the  use  of  conformal-packaging. 

Summary 

High  G-Study 

The  Pi-oneer  Venus  mission  requires  that  the  electronic-components 
in  the  probes  function  during  and/or  after  exposure  to  entry  loads  of  650  g. 
Typical  flight  quality  components  were  subjected  to  high  g_  environment  in  a 
centrifuge.  The  overall  results  of  the  centrifuge  tests  shown  m Table  4.6- 
substantiate  the  fact  that  Hughes  Aircraft  Company's  methods  of  electronic 
component  packaging  will  allow  electronic  components  to  function  during  and 
after  exposure  to  the  probe  high  g environments. 

Connectors  and  Small  Gage  Wire 

The-  Pioneer  Venus  harness  sub  system  consists  of-the  unit -to -unit 
intercabling  within  the  large  and  small  probee.  A study  was- initiated  to 
evaluate  the  use  of  small  gage  wire  (28  AVTGj  and  microminiature  c Rectors. 
in  lieu  of  the  more  conventional  heavier -gage  wires  *24  and-22  AWC)  and 
subminiature  connectors  for  weight  and  volumetric  savings  for  the  ThorADelta 

mis  sion. 

TABLE  4.6--1.  CENTRIFUGE  TEST  RESULTS 


Test  Unit 

Component  Assembly 
Technique  Employed 

Test 
Level,  g 

Test  Results 

Countdown  chain 

MIC  AM 

804 

Output  signals  strong 
and  sharp  during  and 
after  tests 

Preregulator 

Cordwood 

508 

Chocked  out  during 
five  of  six  tests  and 
after  all  tests 

Cross  strap  converter 

Point-to-point 

51?. 

No  frequency  change 
or  conversion  loss 
after  test 

Quart?.  Oscillator 
(Hewlett-  Packa  rd 
off-the-shelf  item) 

Printed  circuit 

65  7 

Frequency  change 
after  test.  Fastener 
sheared  off  during 
test 
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mintng  factor  in  ant  g.  gt  wlviiit  me  will  he  reduced  some- 

aaras  $.rrz - 

aro  established. — 

Ueoauim  of  this  weight  advantage,  Mu-  small  gage  f.’H  AWu)  win-  >« 

Mu-  choice  for  Mu-  probes  tin  Mu-  Llu.r/ IVIta  . onti^iml  ion.  * 

howovus,  sonu-  increase  in  both  .lesion  anil  inaimfaetin  ing  n - ■ • * 

(tom  til,.  ,luv„u.pnu.nt  of  ,«•»•  protttrpmj-ti  o 

,,r  '"‘ur- 

ing  labor  xxtsts,  estimated  to  inf  roast;  by  -’-0  to  M)  pi  m n . 

SinCl.  Mu-  Atlas /('entail r application  i*  addressed  to  cost  savings. 

win-  (24  AWCi)  should  bo  rolahu-d. 

Conformal  Puc kaging 

In  an  effort  to  achieve  the  most  effic  iont  inlegj  at  ion  ot  Mu  > 1‘  1 

components  uithin  the  largo  and  ^ dbt'not  have  the 

to  evaluate  the  use  oi  conformal  pat.  Raging.  . , • «iu,  study 

details  necessary  lu_uualuatx  Mie^x  entihe  oynu. nU  ; ^sub-  * 

was  focused  upon  Mu-  conformal  packaging  of  Mu-  pout  «,  .Ugit  .t.al> 

systems.  The  Thor/ Delta  configurations,.  w U'J  ^ ^ tl  ’ owor  subsystem 

*««  »se<t  as  , ba.U  U ^ ,,!  at  ' total 

$25,  000. 

The  digital  group  (command  and  data 

mal  packaging  schemes  tor  use  on  he  small  P ’*  shelves.  The  total 
themselves  to  installation  hetwe.-n  the  uppei  and  / , , , , >0  per- 

cost  increase  over  conventional  packaging  method*  is  estimate  P 

Il.grsr:^ 

cards,  and  would  cost  approximately  170  to  MW  pm  mi 
tionally  packaged  MIC  AM  design  approach. 

The  rf  group  has  employed  modular  construction  for  its  packaging 
scheme'  and  tho  n««d  for  conformal  packaging  of  the  ri  units  was  n-.hu,, 
and  was  not  evaluated  further  in  this  study. 

The-  conformal  packaged  units  developed  tor  the  Tho r/ Delta  configured 
increased  in  volume-. 
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Requirements 


The  unit-and- component- packaging  and  integration  requirements  lot 
the  probes-are  derived-f-rom  the  mission  requirements.  These  calh-for  the 
probes  to  operate  under  very  hig_h  entry  acceleration,  and  meet  the  criteria 
of  minimum  size,  - weight  and_cost_ 

The  following  criteria  for  packaging  and  integration  are  thus  estab- 
lished: 

1)  All  unit-s  and  components  must  operate  with  specified  perfor- 
mance while  subjected  to  an  axial  acceleration  of  650  g.  - 

2)  High  packaging  density  is  required  to  minimize  the  diameter 
of  the  probe  pressure  shells 

3)  Minimum  weight 

4)  Minimum  cost 

Criterion  1 is- a definite  requirement  which  must' be  met  in  order  to 
insure  mission  success..  Criteria  2,  3-,  and  4- are  all  important  criteria,  but 
the  emphasis  on  weigh t_is  tnor-e  important  for  the  Thor/Delta  .version,  while 
cost  is  emphasized  for  the  Atlas/Centaur  probes. 

Studies  and  Tests 


High  G Study 

A MICAM  assembly  packaged  in  a flight  quality  chassis  and  encapsu- 
lated in  foam  was  subjected  to  acceleration  loads  between  300  and  804  g.  To 
assure  practical  application  for  space  missions,  the  MICAM  circuit  was 
made  similar  to  the  timing  countdown  chain  presently  employed  on  the 
Orbiting  Solar  Observatory-I  (OSO).  A pr eregulator  used  on  a Hughes 
classified  space  program  and  representative  of  typical  electrical  units 
employing  cordwood  component  fabrication  techniques  was  also  centrifuge 
tested  to  a substained  load  of  508  g.  This  unit  was  also  foam  encapsulated, 

The  third  unit- tested,  a cross  strap  converter,  was  previously  used  on  the 
Applications  Technology  Satellite  experiments  and  employed  the  point-to- 
point  component  fabrication  technique.  The  fourth  unit  was  a Hewlett-Packard 
off-the-shelf  quartz  oscillator.  This  unit  typified  the  use  of  printed  circuit 
board  applications.  It  is  noted  that  ?11  of  these  units  incorporated  foam 
encapsulation  of  the  components. 

Figure  4.6-1  illustrates  the  centrifuge  tost  facility  used  for  the  sub- 
jucte  tests.  The  units  were  mounted  to  the  centrifuge  arm  in  several  positions. 
The  MICAM  and  oscillator  were  tested  Together  (see  Figure  4.6-2)  as  were 
the  prerege’ator  and  converter  (see  Figure  4.6-3). 

The  centrifuge  test  results  and  the  subsequent  foam  compression  test 
indicate  that  foam  densities  as  low  as  two  pounds  per  cubic  foot  are  sufficient 
as  a packaging  agent  to  protect  components  against  the  rigors  of  high  g 
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FIGURE  4.6-4.  MATRIX  DOUBLE  OENSITY-D  CONNECTOR  (PHOTO  30163-464) 
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exposure.  It  is  nolefl  that  three  of  the4sur  test  units  (pr.-regulator,  converter 
and  oscillator)  components  were  encapsulated  in  32  kg/m3  (2  ib/ft  ) density 
foam.  The  fourth  (MIC AM  circuit)  was  encapsulated  in  128  kg/m3  (8  lb/ft3) 
density  foam.  Each  unit  to  he  employed  on  the  Pioneer  Venus  mission  wall 
have  to  be  evaluated  on  an  individual  basis,  but  based  upon  the  result  of 
these  tests,  it  is  anticipated  that  no  new  packaging  techniques  will  have  to  b.- 
developed  to  meet  the  needs  of  the  high  g envii onrnont. 

The  conclusions  of  these;  studies  and  tests  are  applicable  to  both  the 
Thor/Delta  and  Atlas /C entaur  configurations. 

Connectors  and  Small  Gape  Wire 

In  the  connector  terminology  used  herein,  which  is  in  agreement  with 
vendor's  data  sheets,  subminiature  refers  to  connectors  having  number  20 
contacts  on  0.254  cm  (0.  100  in.)  centers,  and  microminiature  describes 
connectors  having  number  22  or  smaller  contacts  spaced  on  centers  sub  - 
stantially less  than  this,  down  to  0.  13  cm  (0.  050  in.  ).  Typical  of  the  sub- 
miniature  class  is  the  Cannon  DM  rectangular;  typical  of  the  microminiature 
class  is  the  Cannon  MDM  rectangular. 

Conclusions  from  the  company  sponsored  program  to  evaluate  the  use 
of  microminiature  connectors  were  tnese:  tire  microminiature  connector 

having  wire  form  solder  contacts  on  0.  13  cm  (0.  050  in.  ) centers  presented- 
significant  assembly  problems  as  compared  to  another  candidate  having 
ins ertable  crimp  contacts  on  0.  191  cm  (0.  075  in.  ) centers.  This  latter 
connector,  the  Matrix  Double- Density- D (Figure  4.6-4),  was  judged  to  be  an 
acceptable  compromise  between  the  subminiature  and  microminiature  classes 
of  connectors.  As  its  name  implies,  it  provides  double  the  contact  density 
in  the  same  shell  size  as  the  corresponding  standard  subminiature,  but  can 
be  readily  wired  using  standard  assembly  and  handling  techniques.  For 
these  reasons,  in  addition  to  the  fact  that  the  Matrix  design  has  been  qualified 
and  slated  for  use  on  the  OSO  program,  this  connector  was  selected  as  the 
standard  for  evaluation  of  wiring  techniques  in  the  Pioneer  Venus  probe. 

The  intent  of  the  stuuy  was  to  demonstrate  weight  and  volumetric 
savings  possible  by  reduction  in  wire  and  connector  size,  but  because  of  the 
high  g environment  to  be  encountered  by  the  probes,  it  was  also  necessary 
to  consider  whether  there  was  significant  loss  in  reliability  attributable  solely 
to  the  use  of  smaller  wire  under  inertial  loads. 

It  appeared  that,  from  a reliability  standpoint,  a larger  wire  gage 
might  be  preferable,  since  the  breaking  strength/ weight  ratio  increases  with 
gage.  This  is  so,  since,  for  any  insulation  type  selected,  insulation  thickness 
remains  constant  over  the  whole  range  of  conductor  sizes.  Using  this  ratio 
as  a figure;  of  merit,  we  have,  for  wire  per  MI1.-W-81044  employing  alloy 
conductor  having  a minimum  breaking  strength  of  203  N/cm"  (55,000  psi),  the 
following: 
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Gage 

Weight, 
kg/ km 
(lb/ 1000  ft) 

Gross  Section, 
cm^(in^  x 10"^) 

1\  r caking 
Strength 
N (lb) 

H making 
Strength  Weight 
Ratio 
N/kg/km 
(lb/lb/1000  ft) 

22 

4.46  (3.  00) 

32.  5 (5.  03) 

123.  1 (27.  7) 

• 27.6  (9.25) 

24 

2.  98  (2.  00) 

20.  5 (3.  17) 

77.3  (17.4) 

25.  9 (8.  70) 

28 

1,  37  (0.  92) 

8.  08  (1.  25) 

30. 7 (1.  25) 

22. 4 (7.  50) 

Since  the  wire  type  selected  for  this  study  employs  a thin  svali  low 
density  insulation,  the  reduction  in  the  figure  of  merit  is  relatively  minor; 
i.  e.  , the  support  provisions  required  to  relieve  inertial  loads  at  terminations 
for  22- and  24  AWG  would  probably  suffice  for  28  AWG  wire. 

A conceptual  intercabling  scheme  was  designed  for  the  large  probe 
(Figure  4.6-5).  This  design  assumes  separate  upper  and  lower  hemisphere 
harnesses,  with  an  interface  connector  between  the  two  harnesses  which  would 
be  mated  at  the  time  of' final  closure  of  the  probe  hemispheres.  The  sche- 
matic shown  in  Figure  4.  6-6  is  an  estimate  of  the  interconnections  required 
for  the  large  probe  pressure  vessel,  based  on  the  current  configuration.  Pro- 
poased  routing  paths  are  realizable  for  either  24  or  28  AWG  wire,  and  weigh, 
and  volume  data  are  based  on  the  layout  depicted  in  Figure  4.  6-5. 

The  following  chart  summarizes  the  results  of  the  large  probe  study: 


W ire 
Gage 

Number 

of 

Connectors 

W eight, 
Connectors 
kg  (lb) 

W eight, 
Wire 
kg  (lb) 

Wire 

Volume 

in3 

Total 

Harness  Weight, 
kg  (lb) 

28 

45 

0.43  (0.  94) 

0.  29  (0.  65) 

208  (12.  7) 

0.  72  (1.  59) 

24 

45 

0.43  (0.94) 

0.  87  (1. 91) 

246  (15.  0) 

l.  07  (2.  35) 

22 

— 

45 

0.  43  (0.  94) 

0.  96  (2.  12) 

274  (16.  7) 

1.  39  (3.  06) 

In  the  company-sponsored  program  mentioned  previous,  a multi- 
connector harness  having  wire  runs  averaging  0.  Q m (3  ft)  was  constructed 
employing  28  AWG  wire.  lo  simulate  the  most  severe  handling  conditions, 
the  harness  was  subjected  to  several  rework  cycles.  The  assembly  techni- 
cians reported  no  difficulty  in  working  with  the  small  gage  wire,  eithet 
during  initial  fabrication  or  rework  ?t  the  crimp  type  connectors  as  proposed 
for  Pioneer  Venus,  and  no  failure  modes  were  encountered. 
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Sim  i’  the  ’ is  AWt  i prov  ides  a * * i » •.  I ■ i savings  ot  r I 0,68  kg 

(1.5  lb)  in  cabling  1 1 1 < ■ i . i s- • probe,  and  -ince  the  c mat  .•  r .trengtli  ot  .1.’.  AWG 
wire  offers  miniiiiai  i mp  r nv  eiticul  m resistant  . to  a*  i > 1 e ra linn  loads,  the 
choice  of  .IS  gage  has  ibviou.-;  merits,  !•" • » i*  those  ii'u  loads  wlic  it  voltage 
drop  considerations  might  t.egale  28  AWu,  ilia  . ouiifftn  r tan  hi*  provided  with 
contacts  as  required  to  art.  opt  either  2-1  or  AWu  wires. 

Tin;  following  chart  summarizes  harness  weights,  showing  tho  com- 
parison botwffit  .1-1  AWti  and  .’.8  AWG  wiro.  Tigures  tot-  tho  small  probes 
werti  arrived  at  by  using  tho  stall'  factors  derived  iron:  tho  large  probe. 


Total  Harness  Weight, 

kg  (lb) 

Wire  Gag  j 

Largo  Probe 

Three  Small  Pt 

obe  s 

Total 

24  AWG 

1.  1 (2.4) 

1.2  (2.7) 

3 (5.  1) 

28  AWG 

0.  7 (1.  6) 

0.8  (1.8) 

US.  (2.4) 

Weight 

Savings 

0.  4 (0.  8) 

0.  4 (0.  a) 

0.  8 (1.  7) 

Confo  r ma  1_  J ’a  t'  ka  g i ng 

Power  Subs  v stji'in.  The  small  probe  ot  the  Pioneer  \ onus  atellite 
contains  three  electronics  units  (battery  discharge  regulator,  power  interface 
unit,  py  r n ’switch) . 1 Wo  packaging  configurations  art-  being  considered.  The 

first  alternative  is  to  install  each  electronic  unit  '.;>.to  a separate  rectangular 
chassis.  Ihe  second  alternative  is  to  install  all  three  units  into  a semicir- 
cular container  w ith  a 11.  ^ cm  (5.J ’.5  in.  ) radius  and  a '.  8 cm  (1.  5 ; n.  ) height 
(Figure  4.6-7).  in  the  lirst  vase,  the.  three  n ctangular  chassis  have  a com- 
bined volume  of  1071  cm  (68.  * in3)  whereas  the  second  liter,  alive  yields 
1067  cm-*  (66.  0 in')  of  packaging  space.  The  cost  estimates  for  each  packaging 
configuration  are  summarized  in  I able  -l.b-.!. 

The  table  shows  the  estimated  increase  in  cost  to  package  the  electronic 
hardware  m a semicircular  container  over  packaging  the  same  hardware  into 
three  existing  reetangnlar  chassis  which  have  been  used  m the  past.  It  was 
estimated  that  the  manufacturing  v ost  due  to  fabricating  the  semieircular 
chassis  would  i ost  $1.6  K more  than  if  the  same  hardware  were  put  into 
rectangular  chassis.  It  was  also  estimated  that  the  engineering  .osts  due  to 
the  thermal  analysis  and  in-process  testing  «>t  the  en  nircular  chassis  would 
cost  $ l u,  5 K more  than  the  engineering  costs  asso.  kited  with  the  rectangular 
packages.  ( These  estimati  s were  based  on  historic  al  cost  uata'. 

The  large  probe  of  the  Pioneer  Venus  satellite  Iso  contains  three 
electronics  units  (buttery  discharge  regulator,  power  interlace  unit,  py  ro 
switch).  Two  packaging  alternatives  are  also  being  . ons  i be  red.  As  in  the 
3 ma  11  probe,  tin  lirst  1 1t  e rn.i  t ive  is  to  install  e.u  ii  . • I ei  ! i on. ie  unit  into  a 
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FIGURE  4.6-8.  LARGE  PROBE  CYLINDRICAL  SEGMENT 
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Product  design  costa  for  design 

are  estimated  to  be  170  to  200  pc^  ^ printed  circuit  board*,..  4.  6- 10), 

module  con«p«  m.<te»P^  control -m|tm.^  « ,.  ..tim.«cd 

^“tTncr'ea'se  over  the  — t.o„al  P— h 

to  be  20  percent.  wstem  has  used  modular 

zsr? 

to  lay  out  individual  rl  c ^onforrnal. 

this  sense  the  packag  R . coxnpcnents  as  much 

,,  ■ ,„  noal  has  been- to  r iduce  the  cxarnple  is  the  power 

Hughes  design  R .loetrical  performance.  nd  ust>  the 

as  possible  without  r^Sopt  was  to  delete  the  dc  regula  Ban»e-tima, 

circuit  elements,  I ; thc  receivcr/exctler. 

The  lamest  component  » "^e  Vlhl-h  — 

Hughes  has  ‘ch^t^thouoh'some  overall  system  “^in.  In  mind 

by  Philo- Ford.  AUnonhh  £ ^ rcpa<.ka|!ed  «.«h  manasement  was 


u"  80 “ " mim' 

mi‘zeCthe  program  cost.  havi,  been  made  for 

both  Thor/DcUn  »''d(fnai“JCc  s,  bus  led  os  to  »■"»'£“*  VU.rdinR  eoelormal 
increased  cmphn.t*  £»  ,hc  above  to™ era.1  m . to  the 

in  some  ms- t"  Th.tr/ Dolt,  rl  subsystem  t««ld  1 

packaging  of  thi  mow 

Atlas/Centaur. 
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LEVEL  f 


we'CJHT'  1 000  Bm  (2.2  It .) 

18.3  cm  OIA.  X 3.2  cm  THICK 
(7.6  In.  OIA.  X 1.26  In.  T HICK ) 

FIGURE  4.6-11.  PRINTED  CIRCUIT  BOARD  DESIGN  DISC 
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WEIGHT:  1136  am  (2.6  lb.) 


2.8  cm  ID  x 2,o  cm  THICK 
24.1  cm  OD 

/ 1.12  In.  ID  x 0 78  in.  THICK  ) 
l 0.6  In.  CD  / 

(COVERS  NOT  SHOWN! 

FIGURE  4.6-12.  PRINTED  CIRCUIT  BOARD  DESIGN  DISC  WITH  HOLE 
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WEIGHT:  1000  9""  (2.2  '«>•> 

2.8  cm  tD  th.CkM '"  In  X’  7TH,CK) 

X 4t3  cm  THICK  I ^ 6g  in.  iq  ' 


24.1  cm  OD 


COMMAND  DATA  828  EQU.V  PARTS 

SOEQU.V  PARTS  (3  STUD  X STBS) 

BBS  EQUIV  PARTS 


PYRO  UNlt 


f,0UBE  4.6  13.  PHINTEO  CIRCUIT  30*30  0E3,C,N  HWEP  0,30  WITH  HOLE 
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ESTIMATED  WEIGHT  1801  C'm  (4.1  16.) 

LA  AGE  PROBE  - COMMAND/OATA  UNIT  AND  PYRO 
COMMAND  DATA  719  EQUIV  PARTS 
PVRO  380  EQUIV  PARTS  (20  STUD  X STRS) 

10B9  TOTAL  PARTS 

FIGURE  4.6-14.  PRINTED  CIRCUIT  80ARD  DESIGN  QUARTER  DISC 


4-315 


(n)w*-E9ioc 


5.  DECELERATION  MODULE 


The  probe  deceleration  modules  provide  the  vital  functions  of 
atmospheric  braking  and  thermal  protection  from  aerodynamic  at  ion 

entry  into  the  Venusian  atmosphere.  For  the  large  pro  • • __ 

illustrated  in  Figure  5-1. 

For  the  small  probe,  the  parachute  and  separation  functions  du*ini 
descent  are  tt  rTqui/ed;  instead"  the  aeroshell  remains 

oresGure  vessel  module  all  the  way  to  impact.  Consequently,  the 

tion  module  must  provide  subsonic  aerodynamic  stability  and  a predictabl 

descent,  as  well  as  the  entry  braking  and  thermal  protection. 

T_  the  Dro6ess  of-  designing  the  deceleration  modules,  it  was  necessary 

«.  conducttaS  .-”  “tudYJ  «o  .»Jv, 

= f the  nrimarv  criteria  of  low  cost  and  low  weight.  In  meeting  tnese 

provide  adequately  for  the  science  exper^n.e 
and  meet  the  mission  and  interface  constraints.  A summary  of  the  trad  , 
Lets  and  studies  i.  presented  in  Table  5-1.  These  are  grouped Unto  the  areas 

of  configuration,  aerodynamics,  structure  heat  shield.  Delta 

nn  and  desoin  Most  of  these  studies  emphasized  the  Ihor/ueua 
configuration/, /.//extensions  of  the  studies  were  made  in  order  to  provtde 
design  data  for  defining  the  Atlas/ Centaur  baseline. 

5.  1 CONFIGURATION 

Trade  studies  of  the  probes  deceleration  modules  resulted  in  th<- 
identification  of  two  cone  angle  configurations  45  and  55  deg  half * 
either  of  which  will  meet  mission  requirements.  The  55  deg  contiguration 
has  been  selected  as  the  large  probe  baseline  design  for  lhor^e\ta  P”^e  7 
because  it  is  a flight  proven  configuration  for  a science  mission  of  this  type, 
S i» an  easify  testable  flight  thermal  environment,  allows  a .higher 
parachute  deployment  altitude,  and  is  more  readily  packaged  iathe^3=°n' 
fi  oention  With  the  Atlas /C entaur  selection  as  the  launch  vehicle  the  bu 
packaging  constraints  hkve  been  elimina  cd.  The  selection  therefore  has  been 
changed  to  the  45  deg  configuration  to  achieve  commonality  between  the 
probes,  resulting  in  reduced  cost  for  aero  test  and  analysis. 
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TABLE  5-1.  SUMMARY  OF  DECELERATION  MODULE  TRADEp,  TESTS  AND  DESIGN  STUDIES 


Trade*,  Test £,  Studies 

Candidates 

Selection  and  Rationale 

Need  for  Trade 

Basic  configuration 

Large  am!  3mall  probes 

Flight  proven  configurations 
Spherical  nose  f cone  body 
Cone  half  angles:  4S,  SS,  60  deg 

Large  probe 

SS  de.4  for  Thor/ Delta  - least  weight 
readily  packaged  cr  >»in 

4S  deg  for  Atlas/ Centaur  - lowest 
development  cost,  commonality  with 
small  probe,  best  stability 

To  establish  basic  external 
configuration  for  deceleration 
modules  to  maximize  soe-cc. 
minimize  cost.  r.d  weight 

Small  probe 

4o  deg  for  both  Thor/ Delta  and  Ailas / 
Centaur  — best  subsonir  performance 

Aerodynamic  s 

Six  dearer  o:  tre-dom 
aerodvnamic  char®cteristics 

Flight  proven  configurations 

Spherical  nose  f cone 

Cone  half  angles:  4*h  SS,  60  deg 

Selections  as  above  — aero  characteristic* 
obtained  from  existing  flip*-,  and  wind 
tunnel  data  f*'r  range  of  expected  flight 
conditions 

Basic  acrodvnamic  da*a  I*,  r 
predicting  traiectoTv  ar.d  flight 
dynamic  performance  of  t a*  di- 
date  configurations 

Ln try  motion  predictions, 
Urj,t  probe 

Large  55  deg  Thor/ Delta  probe 
Nominal  VE.  ’ and  p 

Varied  C/0.  C^p*  g.  *Cmq  * ^m0  • 

°E 

Nominal  design  parameters  provide 
well  behaved  entry.  Dynamic  angle 
ol  attack  1 to  10  deg 

Dci«.~mine  stability  characteris- 
tics through  entry  phase 

Entry  and  decent  predictions. 
Small  probe 

Small  do  deg  probe  *.*;th  and  without  fin 
damping  nominal  Vr,  ai’d  p varied  'E,  °E, 
<%>  l,mq*  xc.  g. 

Nominal  design  parameters  with  fins 
provide  satisfactory  entry  and  descent 
motion.  Spin  well  damped. 

Determine  s’aMUty  characteris- 
tics through  entry  and  descent, 
particularly  motions  ird  .i  ed  V. 
spin  excursions 

i 

Horizontal  win*!  e^uts,  descent 
phase 

Small  probe  — Thor/Delta 
Large  probe  on  pars^hutt-  — Tnor/Dclt.i 
simulated  descent  subjected  to  knife  edge 
and  gradual  ‘.vino  shears 

For  both  configurations  communication 
ancle  is  primarily  affected  by  probe 
terminal  descent  velocity,  virtually 
unaffected  by  amount  of  stability 

To  determine  if  ’con.-m  .*  icutioi 
angle'  is  sericnsB  affe.  te**  .. 
horizontal  gusts 

Aerocivixam  :•  tests 
AmeM  -vafer  :®nx 

i 

1 

Thirteen  sphere  tone  configurations 
matrix  oi  do,  55,  6S  deg  cone  half  angles; 
spherical  iorebodies;  0.  ?,  0.9.  full  dome 
and  45  deg  conical  afterbodies.  Weights 
and  c.  g.  varied 

Smaller  cone  angles  show  better 
stability  than  larger  angle  lor  allowable 
c.  g.  location 

j 

To  provi  le  initial  si  rerri:  ^ of 
deceleration  module  aerodvr.amK 
configurations  for  descent  phase 

| L-angley  veiticai  spin  tunnel 

Four  forebodies  interchangeable  with  three 
afterbodies.  45,  ol.  o,  and  55  deg  half  angles 
plus  hemisphere,  i.ater  tests  added  fin  and 
drogue  configurations 

S 4S  deg  sphere  cone  with  fins  provides 
suitable  subsonic  descent  characteristics 
and  meets  entry  Requirements 

To  select  deceleration  mod  .le 
configuration  *or  descert  phase 
and  provide  aerodynamic  charac  - 
teristics 

! . r I 
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TABLE  5-1.  (Continued) 


Trades,  Tests,  Studies 

Candidates 

Structure 

Materia!  trades 

Aluminum  alloy 
Beryllium 
Ti*anium 
Stainless  steel 

Structural  concepts 

Monoc  uque 

Ring  stiffened  monocoque 
Honeycomb 

'teat  shield 

'ivpersom.  entry  heating 

Thor/ Delta  ar.d  Atlas/ Centaur 

shield  weight  trades 

Phenolic  nvion 
Carbon  phenolic 
F.SM-1004 

T efion 

j H.»r. : sj-K*.  tior. 

j 

RTV-SfcO 
RTV-h  iO 
PD-200 

| .V)i  »r.  ..••»?  urogram 

1 

1 

Phenolic  nylon 
Carl>u:.  phenol  i. 
ISM- *004 
Terloi. 

j r %t  i r .U 

i I'll  ,!  MI..  - ,1-usi 

J 

Conical  ribbon  chute  D0  varied 
«r.d  below  ! . 0 m 

1 

! Ml.:  ^ri 

2 
i 
1 

1 

! — ■ 

i 

:>isr  -gap-band 
R ing  slot 
R ibbon 

All  with  varied  diameters,  n>To 

'l.li  TOT. 

Pyxoter hni«  - drploved  co^er 
KjNtian  mo rt  i r 

Selection  and  Rationale 

Need  for  T rade 

Thor/  Delta 

Beryllium,  ring  stiffened  monocoque 
for  large  probe 

Beryllium  pure  monocoque  for  small 
probe 

Lightest  weight 
Atlas/ Centaur 

Aluminum,  ring  stiffened  monocoque . 
for  large  proba 

Stainless  steel,  pure  monoroque  for 
small  probe 
Loweft  cost 

To  establish  structural  concep: 
and  material  selection  that  best 
meet  principal  criteria  for  Thor  ' 
Delta  (lightest  weight}  and  Allas/ 
Centaur  (lowest  cos:) 

1 

Kxtensivc  data  ban*  available  for  sphere 
cone  earth  reentry  bodies 

To  establish  r.eating  load-,  for 
design  of  heat  shield 

Carbon  phenolic  - least  ablation,  most 
predictable  w#-.ght,  close  second  in  light- 
ness.  acceptable  cost 

To  establish  preferred  rr. jterial 
for  probe  nose  core  protection 

PH-20C  selected  for  pherolic  nylor.  heat 
shield  - best  old  soak  capability 
RTV.*»  )0  selected  for  carbon  phenolic  — 
high  strength  at  elevated  temperature 

To  select  best  bo- dire  matenaR 
compatible  with  arbor  phenols*, 
and  phenolic  nylon  hea*  shields 

Recession  measurements  verified 
analysis  Carbon  phenolic  least 
ab-at  ion 

To  veriiv  malvsis  in  select ior.  o- 
ablation  rt  aienal  for  -eat  shield  * 

i\>  - 0.  m conical  ribbon  chute  selected 

for  Thor/ Delta.  l>o  - 0 **4  m for  Atlas/ 
Centaur.  Provides  minimum  size  ar»J 
weigh!  with  adequate  drag. 

To  select  Tnirmv.m  sire  pilot 
c hute 

1 SI  m d. sc -g. ip-band  nylon  for 

f nor  / Delta.  D.s  1.  r.  m disc  -gap-*,  .r.d 
nylon  for  Atlas/Centaur.  Lowest  weights 
consistent  with  other  requirements.  Most 
experience  with  nylor. 

To  mirim..rr.  weigh?  rar 

: h*ite 

Kiet  »ion  mortar  - highest  reliability 

Selection  oi  preferred  — rt  it  r*-  -e 
e_»ec i ;oj.  dei  ice 

TABLE  ?-i.  (Continued) 
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I i:-"l  r.it  ior.  ioj.scrl  <111,111  it-  • . 1 j, j , 

1 >■  Il  .1  .mil  At  h.  s / < lent  .,u  , 

1 i lie  lit  s 


t ed  I'Ji-  1 1 . . • • i,. .,||  pm:..  , li;, 
r ( l,  r 1 1 1 , , 1 1 1 ,•  . tl  ru  (I.  r,  lor  .oil.  | 


, , S‘  ‘ ‘ Ul  ,'1'"  ' 01,1  i HU  I'll  im.M  lor  <l„.  I,,  rgc  ,Ul(|  .,,,.,1] 

. * ' nu"‘i  M.lerreluf  .1  I.,,  Ksti,.  rin  i*<.l  1 , j | ; ( v' 

M 1 1 1 1 L 1 1 1 . 1 1 I ) Weight,  iMlllh,;.  “-Mi.  i.  ids,  IlllS  -Ml  i.lll  i | i,  Ill,,  (| 

««-le,  tun.  i!„  ..lterbnd>  c ot.lhg,,  r.„  in: .i  1 1 :*•  r. . w.  I lu.,,,' 

. I puii;  tin-  , onti.:  il-,  „i.. ,,  sole,  lion  must  .,  |]  i„  , ..j,!, 

-I.nilnu/IUK  cn-\ -<  ml.-  u\  Using  |J  l*.*v  Urnsl  y t.-sl.-.l  „ e roc!  V 1 1 i . 1,  ’ 

1 «»>""‘>".dity  when  vn-  nussiblo  in  order  1,,  r.-.'-u  M.fi<,<  ;iJ|  ’ 

de,.u,;,„g  th,-  , o"ii,„,.„|i(  t in-  rn  i.,l  loud.-  I,  -.ill,  o^stim- 

hiv,.'!"1  * |P  "•  i’"rl  1:'  (i<,sL«"-  Tin’ -so  1 onsidf. rations 

‘ , , , lJ  10  u.at  i,ou,  missm-.  .„..i 

: '•—I Itant  configurations  -Ml  tlu.  rationale  that 

Ud  to  thou-  selection  a i-o  discussed  i„  the  following  sections. 

1 Ini  i-  / Pel  ta  Conl'i  mi  ratio  n Trades 

Sc  it*  nop 

sH{>,Hf.rhc  ^n»'iM»ratio„s  tv.iist  provide  stable,  proto,  ted  platforms  for 
"tll.U  "M'asurement.  1.1  es.se, He,  both  the  larBr  and  small  probes  are 

orodW  iT  ('nl;hratnri  inc*  rnrnents  and  perform  best  under  constrained,  simnlv 
it  J,ApT  pni  ’’  as  suggested  uy  Soifi  and  Sommer  and  demonstrated  bv' 
PAKT  Program.  Consider.-.  in  the  selection  of  optimal  c o.nfiguratiuns 
must  be  the  srilsitivUj  o!  the  eft, ’its  of  nerodynumii  „n,l  motion  tolerance- 
1 .1  the  'Measurements,  their  communication,  and  Lut  e rp  nt.,t  ion.  Previous 
anuiysos  have  revealeo  the  importance  of  act, irate  „ priori  knowledge  of 
axial  lone  loeflumiit  (C-s  ) in  particular,  and  the  dvrumi,  motion  model  in 
gene]  al,  .or  both  the  high  and  hm  altitude  atmosphere  ,-ediurs.  Minimi/.,- 
Uon  01  the  error  is  most  efficiently  achieved  through  sele,  tion  of  comigu  r.i- 
turns  that  siii  1 pi  1 1 y the  force  and  motion  model,  i.e..  ensure  ilnular,  well 
aJUMlet.  motion  With  mnum-.l  variation  of  Cx  with  angle  of  attack.  This  m.Ai- 
nu/es  the  individual  data  point  value  and  thereby  permits  lower  s,,m-iliu. 
rates  anil  higher  scientific  value  return  for  tin  available  information  siM.-m. 
(nmeral  con  side  rations  relating  the  science  objectives  <0  1 onfi  tu  r.d  ion  \d  I .•  r • 
natives  are  shown  in  Table  H.  1-1. 

Ac  rocl  ynamie  s 

inA,°r-C!yi,U"nit  ‘ 11  ar<ul  eristics  of  blunt  cones  in  nine  half  unde  ran  e 
' T’Y  L°,  •'  U ,.'NIW'  °Vl'r  " luru<'  Mf  Mai  !)  numbers  and  amjes  of 


This  data  bank  is  compiled  from  wind  tunnel,  ballistii  r 


» ! r n ! > 


ntt.ick , 

tests  and  flight  experience.  Most  notable  in  the  area  of  Hidtt  ev;„  riem  , 
the  A ASA -Ames  PA  Ml  configuration,  a So  deg  half-angle  sphere  one.  vv  hi.  I, 
S".  , esslully  measured  the  earth’s  atmospheric  pn  pi  rties,  and  the  til-:  \!K  (I 
a - 1 . *>  deg  splie  re  cone.  ’ 


b - 1 
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TABLE  5.  1-1.  CONFIGURATION  RELATION  TO  SCIENCE  OBJECTIVES 


GENERAL.  Minimize  cost  end  weight  to  maximize  sciei.c®  Provide  delivery  protection,  stability,  and  predictability 

1- — * — — r : — i : . . -—-71 .... 


Science 

Objective 


Atmosphere 

reconstruction 

Ip.P.TI 


Cloud 

definition 


Winds 


Dynamic  Performance  Requirements 


Large  Probe 


Small  Probe 


T-P 


High  Altitude  (M  > 1) 


Minimum  ff 
Minimum  q. 

Circular 

Known  aerodynamics 


Minimum^? 

Minimum  p. 

Circular 

Known  a'-iodynamics 


Low  Altitude  (M<  * ) 


No  requ;rement 


Minimum  dynamic  effects 
during  deployment  of  chute 
Minimum  swinging  on  chute 


Minimum  response  < dl 
Maximum  discernible 


Minimum  tx 
Predictable  motion 


No  requirement 


Minimum  response 
Maximum  discernible 


Deceleration  Module  Configuration  Implications 


General 


Maxirpuni  orag  ?rea  ICpA‘ 

■ R / 1 p > 1 SM  > 20°»;  \<  0 
Maximum  roil  momentum/ 
asymmetry 

C^.Cig  - fia.M.He.Y) 


\O.X.=  f(Ci  ,cm  . p) 

Roll  damping  >C|o  a 


SM  >&*.;  mmimum 
asymmptry.  \<  0 
Ayoid  (PS.  spin;  mini- 
mum chute  side  drag  area 


Stab'c  forward.  C^.  <0 

“mi 

Stable  Icr  no  vn:nds,\<0 


Specific  Preference 


Porebody  0 c 


<5° 


ol  6l 


55“ 


GO 


Afterbody  Type 


PAE"i 


SUMMARY 

• Dynamic  stability  'oywer  cone  angles  better 


• Dynamic  stability  'o.fver  cone  angles  better 

• Aerodynamic  predictability  MK2  experience  and  loiner  cone  ancle  advantages 

• It-totion  simplicity  MK-2.  PAfel  both  good 


.iK-2 


-i 


! ; 


Ac  T HE 


.paG€  'VpboR: 


l-OOC'dt’TOZ 


FIGURE  5.1-1.  LA-RGE  PROBE  WEIGHT/CONFIGGBAXJON  TRADES 
(36036-437) 


FIGURE  5.1-2.  SMALL  PROBE  WEIGHT /CON FIGURATION  TRADES  (36036  438) 
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^ “C  5^^,^?.™,::^^ "" 

planetary  atmosphere  having  very  low  tUmsitv  /,<  ,,  m , ,.  \ ,•• 

with  large  cone  am>le<  f j i ! , . *~t-  “ ’ -Mais)..  Lontigurations 

con  angles  (->60  deg)-havc  dynamic  stability  urobWi*  in  fl„. 

Sfs ~==ssisM““' 

trZn  i t°|deCroa"P  the  angle  below  60  do«.’  As  n/entim^I 

previously,  large  aerodynamic  data  books  e^ict  for  SS  »nd  SI  s 

tlon»-with  scattered  addition!  data  at  various  a,, ‘ -s  dm  t, 'th, Xnd 


pxobe  p r ov^id e'acc'ep^Vbl^f  a e r od^mimic^ c ha^-a c to ri^ ti c s o r*  1 1! cijt  i i ^ “"’f11 
mission  objectives^.  __ i-t.iit.tict.toi  tlHU-surnco  and 


Weight 




S-Sr^  attirSK 

«.at  vehicle  .veish,  is  M«Sly“ dlT.u'.cr 
Therefore,  the  initial  effort  was  directed  towards  o k-  , in 
module  in  a minimum  size  vehicle  base  diarne"? 

tii  ni  rr.  um  diameters  considering  packaging  constraints  i i - , . 

aud  0.5d  m (22  i„. ) for  U,c  iarsVa„d  ,S.U  pro^e  "t  1"' 1 

0 61  nielli!  wUnd  ,uGCe3Siry  to  i,urcast'  tho  "mail  probe  base  diameter  to 
discussed  Ulmv'°  “*  ‘«b*0“-  «•«“*»  ‘'‘.arur, eristics  us  vvi.V  Uo 


Lffccts  of  C.G.  Location 

irst  maximum  diameter  of  the  aeroshrll.  Figure  i i-i  uresrnls  • • 

brBeTdI?ctt^k'iTrna11  Prt;b‘'  ro,'^i^lll'ations  as  a function  ot\  one  .ingte  and 
i8  0 61  n < t in  Th£  “T’1'  U,‘Ut  th<‘.  Sma11  pl‘t,lu'  (Thor/ Delta ) dianu-ter 
bus  TC  can  be  si  f T"  K<'°"U;lrU'al  ““‘it-tions  while  attache, I to  the 

us.  It  can  be  seen  from  t lgure  5.  l-.i  that  in  the  SS  deg  cone  case  even 
if  the  base  diameter  were  increased  to  0 <>1  m / > 1 \ .1,  ’ . . 

be  siii>htlv  aft  nt  f a . ‘Vi  ,u  t- * !»•  )>  the  c.g.  would  still 

1MhtIy  aft  of  J,ft  tirsi  maximum  diameter.  In  the  case  „t  the  IS  deg 
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mfigu.rati.cm,  a 0.61  na(24-in, ) base  diameter  will  result  in  a Grg.  2.80  cm 
,1  in.)  forward  of  the  first-maximum  diameter.  To  achieve  this  forward 
. g.  location  on  the  55  deg  cone  would  require  5.  42  kg  (12  lb)  of  ballast-  per 
robe,  an  unacceptable  weight  penalty.  It  was  primarily  for  this  reason 
lat  the  small  probe  baseline  has  been  selected  as  the  45  deg  configuration 
ith  a 0^bl_m_(24  in.  ) base  diameter. 

Figure  5.  1-4  presents  the  c.  g.  location  of  the  large  probe  as  a 
ruction  of  cone  angle  for  a 1.17  m (4i>  in.  ) base  diameter.  Analysis  to  date 
as  indicated -that- it  is  desirable  although  not  mandatory  to  locate  the  c.g. 
t or  forward  of  the  probe  first  maximum  diameter.  Both  the  45  and  55  deg 
onfigurations  will  meet  this  requirement.  Although  the  location  of  the  c.g. 
i the  45  -deg  cone  will  be  further  forward  than  in  the  55  deg  configuration, 
tability  for  the  55  deg  case  is  adequate,  considering  the  hypersonic  and 
ransonic  regions  (and  times  involved)  in  which  the  large  probe  must  operate. 

Parachute  Deployment  Altitude 

The. basic  parachute  deployment  requirements  are: 

1)  Pressure  vessel  will  be  deployed  on  parachute  at  an  altitude  no  - 
lower  than  66  km 

2)  The  parachute  deployment  will  be  subsonic- to  minimize  the  costs 
of  development  and  proof  testing 

The  variation  in  chute  deployment  altitude  between  the  60  and  55  deg 
■ robe  configuration  is  less  than  0.5  km  for  expected  values  of  p and  entry 
.ngle.  Selection-of  the  4-5  deg  Atlas/Cenfaur  configuration  would  mean  a loss 
n deployment  altitude  of  approximately  2.5  km  from  the  55  deg  Thor/Deita 
lesign  due  to  the  higher  ballistic  coefficient.  However,  all  configurations 
neet the  66  km  requirements. 


Effects  on  System  Packaging 


Figure  5.  1-5  depicts  the  arrangement  of  the  prooes  on  the  bus  for  the 
Thor/Delta  configuration.  If  the  small  probe  base  diameter  were  increased 
jeyond  the  current  0.61  m (24  in.  ),  the  large  probe  base  diameter  would  have 
:o  be  decreased  to  avoid  interference.  Conversely,  an  increase  in  the  large 
p-rebe  base  diameter  would  require  a corresponding  decrease  in  small  probe 
pase  diameter.  Since  the  large  probe  1.17  m (46  in.  ) base  diameter  is 
minimum  from  the  science  module  packaging  requirements  and  the  small 
orobe  0.61  m (24  in.  ) diameter  is  minimum  from  the  subsonic  stability  re- 
quirements, no  reduction  ir  these  diameters  is  permissible.  Any  gain  in 
:he  base  diameter  of  either  could  only  be  accommodated  by  pushing  the  large 
probe  position  on  the  bus  forward  from  that  shown  in  Figure  5.  1-5.  The 
major  effect  of  the  shifting  forward  of  the  large  probe  would  be  to  lower 
the  roll  to  pitch  moment  of  inertia  ratio  of  the  bus  configuration  during  the 
transit  phase. 


original 


page  is  Poor. 
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FIGURE  5.1  4.  '.ARGE  PROBE  CONFIGURATION  COMPARISON 
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FIGURE  5.1-6.  CONFIGURATION  CONSTRAINTS  TO  MAINTAIN  FLIGHT  ENVIRONMENT 
WITHIN  PREVIOUS  FLIGHT  EXPERIENCE  AND  CURRENT  RADIATIVE  TEST  CAPABILITY 
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Preliminary  investigations  indicated  that  if  the  large  probe  were  to 
be  shifted  fofwa-rd-by  as  much  as  S.OH  m)  (2  m.).  difficulties  would  arise 
in  maintaining- the  required- probe  bus  inertia  ratio. 

Also  shown  in  phantom  in  Figure  5.  1-5  is  the  large  probe  -15  deg, 

1 17  cn  (46  in. 3 base.  diameter  configuration  with  its  nose  apex  at  the  same 

station-as  in  the  55  deg  baseline.  It  can  be  seen  that  the  45  deg  inauguration 
would  have  to  bo  moved  forward  approximately  8.89  cm  (3.5  in.  ) toolinuna  e 
interference  with  the  small  probes.  This  would  result  in  the  same  incitn 
problem  which  was  discus-sed  above. 

Effects  of  Descent  Rate  on  Small  Probe  Configuration 

Studies  conducted  have  indicated  no  major  impact  on  systems  weight 
or  science  accommodation  within  the  range  of  ballistic  eociucienta  t|3  s) 
which  were  considered. 

Thermal  Effects 

Heat  transfer  rates  to  the  entry  probes  should  be  limited  to  fall  within 
the  bounds  of  previous  flight  experience  and  the  current  radiation  test  capa- 
bility. Phenolic  nylon,  the  selected  baseline  shield  materi^  has  been 
flight  tested  successfully  on  numerous  occasions  at  C.E.  The  maximum  total 
heat  transfer  rates  predicted  for  the  Pioneer  Venus  probes  nave  been  use. 
and  approximate  techniques  employed  to  generate  the  limiting  combinations 
of  nose  radius  and  hypersonic  ballistic  coefficient  to  maintain.  1)  the  max  - 
mum  convective  heat  transfer  at  or  below  the  flight  experience  levels,  and 

UM-'S'SS  & w7»1  W 

sec)-  (see  Figure  5.  1-6). 

With  the  cone  angle  ol  the  large  probe  changed 1 from  55^.o  45  dem  the 
hypersonic  ballistic  coefficient  is  increased  to  about  156  kg/m  (3-  lb/l  ). 
ThPe  maximum  turbulent  heat  transfer  on  the  skirt  then  is  increased  iron  the 
Lrr^nt  value  of  about  7.  18  x 10?  W/m*  (6300  Btu/ ft^  - sec ) to  about  9 . U x 10* 
W/m2  (8000  Btu/ft2 - sec ) for  an  entry  path  angle  of  t.0  deg.  The  U-SU 
thermal  loads  are  therefore  not  a driving  parameter  in  choosing  betwee.  « 

45  and  55  deg  configuration. 

Com  monality 

It  would  be  desirable  to  have  cone  angle  commonality  between  the 
larue  probe  and  small  probe,  thereby  reducing  the  aerodynamic  -csting  an 
number  of  wind  tunnel  models  requiring  design  and  fabrication.  1-  relmun.u  > 
estimates  place  this  cost  savings  in  the  area  ol  $200  K. 

Since  the  small  probe  cone  angle  is  restricted  to  45  deg  (as  discussed 
in  subsection  5.2),  the  large  probe  cone  angle  would  also  have  to  bt  45  di  g. 
With  the  selection  of  the  Atlas/Centaur,  the  weight  constraints  which  led 
Die  55  deg  configuration  on  the  large  probe  are  removed.  As  a Jesuit,  tin 
Atlas/Centaur  baseline  configurations  for  both  large  and  small  piobes  a . 
defined  as  45  deg  cone  angles. 
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'■  ; Thar /Delta  Configuration* 

; The  selected  largo  and  small  probe  configurations  are  shown  in 

Figures  5.1% 7 and  5.1=8. 

As  has  been  previously  discussed,  the  large  probe  has  a 55  deg 
cone  angle,  1.  IT  m (46  in.)  base  diameter,  and  a bluntness  ratio  of  0.5. 
Adequate  provision  has  been  made  for  the.  packaging  of  all  engineering 
and  science  equipment.  The  c.  g.  location  is  slight  forward  of  the  first 
maximum  diameter  to  insure  the  dynamic  stability  of  the  vehicle. 

j~  The  small  probe  has  a 45  deg  cone  angle,  0.61  m (24  in.  ) base 

j.  diameter,  and  a bluntness  ratio  of  0.5.  To  enhance  dynamic  stability,  fins 

have  been  incorporated  on  the  aft  end.  It  should  be  noted  that  the  c.  g.  is 
2.54  cm  (1  in.)  forward  of  the- first  maximum  diameter.  This  forward  c.g. 

; is  adequate  to  maintain  subsonic  stability. 

Atlas/Centanr  Configuration 

E r- 

The  large  and  small  probe  configurations  selected  for  Atlas/Centaur 
and  shown  in  Figures  5.  1-9  and  5.  1-10  are  a result  of  extensions  of  the 
Thor/Delta  trade  studies  discussed  in  the  previous  sections. 

The  large  probe  cone  angle  has  been  changed  to  45  deg  to  achieve 
commonality  with  the  small  probes.  Increases  in  the  payload  size  have 
resulted  in  the  base  diameter  being  increased  to  1.  4 m (55  in.  }.  Increased 
static  and  dynamic  stability  margin  has  been  achieved  by  shifting  the  c.  g. 
location  further  forward  of  the  first  maximum  diameter. 

1 1_ 

i ; The  small  probe  configuration  is  basically  the  same  as  for  the  Thor/ 

Delta  with  the  exception  that  the  base  diameter- has  been  increased  to  0.67  m 
jj : (26.5  in.).  Changes  in  the  science  package,  together  with  the  requirement 

5"  of  maintaining  a forward  c.g.  , dictated  the  increase  in  the  base  diameter. 

)_  The  resultant  c.g.  location  actually  results  in  greater  margin  then  was 

$:•  present  in  the  Thor/Delta  design. 
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In  order  to  accomplish  the  mission  denned  tor  the  i’ionee>  Venus- 
program,  the  deeele  rot  ion  module  must  provide  a plattorm  snt’f'u  -.on;  i \ 
stable  to  allow  retrieval  of  data.  This  section  presents  data  and  ...nnivses 
performed  miring  the  study  that,  permit  evaluation  of  the  char. on  ris!i<  s ol 
the  probe  designs. 

Aerodynamic  e haraet  e ri  st  i e.  s were  generated  for  spite  re -cone  con- 
figurations with  a blunt ne se  ratio  of  0.  a for  cone  angles  01  4 a and  ">">  deg. 
Since  the  bluntness  ratio  was  held  constant,  overall  dimensions  are  not  a 
factor  and  the  analyses,  therefore  were  applicable  to  both  l'tior/Doita  and 
Atlas  /Centaur  c.onfigurat  ions. 

Utilizing  the  aero  characteristics,  detailed  analyses  were  conducted 
of  the  motion  of  the  different  configurations  during  entry.  Mosul's  show  that 
the  dynamics  of  both  the  45  and  55  deg  configurations  are  acceptable.  pro- 
vided satisfactory  center  of  gravity  locations  can  be  maintained. 

Studies  conducted  of  the  deceleration  charactcrist  ics  ot  the  large 
probe  indicate  that  subsonic  conditions,  desired  tor  parachute  depi oymer.i  . 
are  reached  at  sufficiently  high  altitude  to  permit  oxperm-.“ut  ml  iat  .on. 

Tests  were  conducted  n two  different  facilities  ■ <>  examine  in  det.ii 
the  subsonic  terminal  fall  characteristics  of  the  small  probe.  1 liese  tests 
led  to  a change  in  configuration  (from  55  to  44  deg)  and  atftrmed  the 
acceptability  of  the  final  small  probe  design. 

Wind  shear  effects  were  examined  to  determine  react  ion  of  the  small 
probe  during  the  terminal  fall  portion  ol  the  Iramctory.  (lenerai  results 
show  that  if  the  wind  shear  is  not  overly  severe,  altitude  constraints 
(required  for  communications)  will  not  be  exceeded. 


Requi  remen!  s 


Vehicle  motion  requirements  are  dictated  by  mission  op-et  lives  t 
are  ultimately  aimed  at  successtul  atmospheric  recoil-'!  nn  “ >->n.  io  im-e 
these  objectives,  it  is  run  cisary  to  have  a well  cli.t  raet  e ri /ed  <«• rods  iiam 
shape  that  can  be  packaged  within  the  booster  limitations  and  ma int_in  a 
confer  of  gravity  position  compat  ible  with  both  static  margin  .mu  >l\ii  imu 
damping  requirements*  1'urtheiiiioi'e,  and  more  spr. a i ■.<  1 1 v , • ;u-  probe? 
must  be  developed  sufficiently  that  the  scieiit:i:i  nisi  nu'irir  : 
put  into  o(ic  rat  ion  above  t>(>  l;m  altitude.  Tor  the  large  p r»>  I > • - , 
subsonic  parachute  deployment  conditions  above  oboui  t • « cm. 
deployment  conditions  .in'  directly  related  *o  tin*  vehicle  ' » * - * 
and,  hetu  e,  drug  coefficient,  wliich  then  dictates  a rct.ii 
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Ini-  t|if*  Mini)!  ■ i r . > I > i • m , i- -.1 1 ii.it  ion  hoik!  in*  dude  mil  only  ‘he  .nit  i .» ! 
i mi l r y | io  r M on  , * >ui  .ilsii  Mo*  ! i*  i*i *. *. . n . . I i1i*ki  ru*  c c ,j  i on  . 1 1 *.  li  o ! i i h e u in  . o r |>o  i 
lion  of  Hu*  mission  lares  place 

In  the  I ho r / I hdi  a mission,  an  addit  ioti.il  ri*si  ru  I mu  w.n  placed  on 
angle  of  attack  excursions,  which  wore  r*  • c |i ; i r<  <1  hi  lx*  Ins-  ban  10  degrees, 
fins  was  caused  I » y the  di  reel  ion;. I ,inli*nn.i  used  in  an  ext  remelv  \vi*  i jj  li  * - 
limned  design.  Die  Allas/i  entaui  design  uses  a hemi  spin*  idea  1 cove  rage 
antenna  and  tin*  restriction  dors  not  apply. 

Ana  lysis 

Six  degrees  of  freedom  iu'ri)dyiian,ii'  characteristics,  including  dm.:, 
normal  force,  center  of  •pressure,  and  pitching  moment  variations  with  angle 
of  attack,  Mach  number,  and  altitude  were  generated  tor  both  'he  45  dog 
small  probe  and  the  3 f>  deg  large  probe  compatible  with  the  Ihor/Dclta 
booster.  Available  ground  lest  data  in  air  tor  40  to  60  deg  sphere  cones 
were  compiled  for  low  Mach  numbers.  For  hypersonic  Mach  numbers  in 
CO^  (to  simulate  the  Venus  atmosphere),  both  equilibrium  transonic  and 
unsteady  flow  computations  were  niacie.  theoretical  variations  with  alti- 
tude were  generated  by  using  Newtonian  and  free  molecular  flow  computer 
programs  coupled  with  a slip  llow  correlation,  l.nrlicr  stud.es  ot  large 
cone  angle  bodies  were  used  as  guidelines  in  establishing  coefficient  trends. 

The  configurations  studied  were  sphere  cones  with  bluntness  ratios 
of  K\/h|i  0.5  and  reference  e.g.s  located  at  the  lirs‘  maximum  base 
diameter.  The  configurations  differ  in  to  re  body  cone  angle,  base  r id;  us. 
and  afterbody  definition.  Sketches  of  both  probes  and  details  of  the  aero- 
dynamic coefficients  developed  for  the*  coni  igu  rat  ions  are  given  in 
Aj.aendix  A. 

I.arge  Probe  Knt  ry  Motion  Studies 

The  large  probe  coniigu rat  ion  mode]  used  in  this  n o' ion  study  has 
the  following  characteristics: 


Cone  angle,  0 

c 

liiiKo  (iia met  e r . d . , 

t I 

Nose  radius/base  radius, 

r / r. 
n b 

Weight,  W 

1! o!  1 m omen!  of  inertia,  I 


1 . 16  in  (46  in.  I 

0.  5 

I j t>  kg  i lbs  ) 

I > 

l 0S0  k>* -m**  (7.21 


s~?n 


Transverse-moment  of 
inertia,  t 

y 

— 82  1 -kg (5.  52  slug-ft^)  {average) 

C.  G.  , x 

eg  — 

0.  0213  rn  (0-64  in.  / forward  of  base 
diameter  point. 

The  aerodynamic  characteristics  employed  are  described  in_Appendix  A. 
The  nominal  trajectory  entry  conditions  used  were: 


Velocity,  V 

11.2  km /sec 

Path  angle^ 

41  deg  (measured  down  from  local 
horizontal) 

Altitude,  h 

150  km 

Basic-  motion  performance  was  computed  for  bounding  entry  path  angles  of 
35  and  60  deg.  

The  nominal  motion  initial  conditions  used  are:  


Total  angle  of.attack,  6 

10  deg. 

Roll  rate,  p 

1 5 rpen 

The  variations  in  initial  conditions,  mass  properties,_and  aero* 
dynamic  characteristics  considered  are: 


Roll  moment  coefficient, 

C1 

*o 

0.  5 x 10  ^ for  h < 92  km 

Roll  damping  coefficient, 
Cl 

P 

0 > C i > -0.  02 
P 

Lateral  c.g.  offset, 

0.  254  cm  (0.  1 in.  ) 

Principaraxis  tilt, 

1 deg 

Trim  angle  of  att-ck,  a o 

1 deg 

Longitudinal  c.  g.  shift, 
X 

eg 

4.  66  cm  (0.  84  in.  ) aft  nominal 
location 

Dynamic  stability, 
derivative,  Cm  + Cm^ 

reduced  to  -0.  1 super sonically 

Initial  angle  of  p.ttack 

40  deg 

These  off-nominal  conditions  were  investigated  to  ensure  the  adequacy  of 
the  large  probe  motion  characteristics. 
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onjrtmmtiysU  o°,|h«rointr!but5.MlTy  *'’8‘*  attaCk  ■-‘"•umed-baaed 

angle  of  attack  orro^-g  ,ire  ahowif VjT' TiU.  1 esc'c‘>l'frll>n«>i'a  and-rasultant 
summation  results  in  “« 

pe*f°5ma~-e  large  probe 

dynamic  characteristics  and  no  ma^i  esc  ribed  previously , nominal -r  ero  - 

rf  -;•* 

condition.  Figure  5 2.-^  1 c i °r  fc^e  <^e^ule^  worst  case  design 

all  conditions  ixa^d  to’ ^ °f  *<>« 

motion  Tahl cl  ? ? . , , exPecte<2  bounds  on  angle  of  attack 

from  a mat rixmf "trajectories ^omptttedi'00  “ a”d  r,!S“il8 


from  its  10  deg  value'a^entry3  m a^rn^*  angte  °f  attack  converges  rapidly 
0.2  deg  by  .bMirLc  'Sr  ’ ,1  "ST  “ the  ^“lio.-ca.e  of  about 

f«th”  i“V.Tobe-y'cis  d“^°  the 

Mach  0.  6.  8 mmal  tall  velocity  ts  of- the  order  of  about 


TABLE  5.2-1 — ANGLE  OF  ATTACK  ERRORS 


Error  Source 

Angle 

of  Attack  Error 

Magnitude 

Bias,  d 

Coning,  deg 

Separation  tipoff  rates 
(with  Pe  = 15  rpm) 

2 deg 

1 

1 

Probe/spacecraft  mis- 
alignment in  spin  axes 

1 deg 

C.  8 

0.  8 

Probe  products  of  inertia 

4.  92  kg-in^  , 
(0.  033  slug-ft  ) 

0.  8 

0.  8 

Sum 

2.  6 

2.  6 

RSS 

1.  54 

1.  54 

Nominal  (sum  of  RSSs)  - 3.  1 deg 
Worst  case  (total  sum)  ~ 5.2  deg 
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FIGURE  5t2-1.  BASELINE  HISTOPY  (CASE  1; 
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FIGURE  5.2-1.  (CONTINUED)  BASELINE  HISTORY  (CASE  1) 
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LARGE  PROBE-NOM (4 1 DEC.  11.17  km/seo  (3*605  KPS)) 
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FIGURE  5.2-1.  (CONTINUED)  BASELINE  HISTORY  (CASE  1i 
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FlCiURE  5.2-1.  (CONTINUED)  BASELINE  HISTORY  (CASE  1) 
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FIGURE  5.2-1.  (CONTINUED)  BASELINE  HISTORY  (CASE  1) 
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FIGURE  5.2-2.  BASELINE  HISTORY  'CASE  4) 
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FIGURE  5.2-2.  (CONTINUED)  BASELINE  HISTORY  (CASE  4) 
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FIGURE  5.2-3.  LARGE  PROBE  ANGLE  OF  ATTACK  IUPPI  R ENVELOPE) 
HISTORIES 
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!,\>r  motion  .1.1. '.‘1  It-  l!  -It>  "O-  .M.  I - 

iriivrmr  rrni-n-n  •"  , lr. • !.  - - 1 ; 1 ‘ ■“,l  111,111 ■'  * / ' | 1 . • . . ,|  ■ 

t ic* i«* »»t  a fSiK',  or  u • ‘ ,’,1  a«>  •»»»*  '* 

in  re  nt  out  ry  angles  o!  aM  a.  i ° 1 1 . . , | ( i , . ■ 

--  "“-ft  '****<  :,v':  ° 

all a ok  amplitude  at  M.-l-  • rtl  '•  ' 'V'7\7".7  ....  „•  r. 

°nly  S/1°  *.'\\:U£;Z  liM-T^g  i-aih-'r  than  l-V  . lr- 

;i  more?  ;)rohal)U*  vanit  i 1 ^ 
applies  lo  ease*  I,  I.  4.  and  ... 

lhr  potent !«  l in  r spin-induced  .iyna.n.o  |,.sia!.-l^  \ ‘ t ' * m ’li:i 

vehicles  of  tin-  large  probe  ronluural  ion  uy 

^nttxTi?c?r.r:v, - 
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TABLE  5.2-3.  SMALL 


S SIMULATED 


Configurations  1 quantities 
Weight 

Forebody  eons  half  angle — 
Bluntness  ratio 
Base  diameter 
Base  area 

Roll  moment  of-  Inertia 

Pitch- moment -oL  inertia 

Longitudinal  e.g^  location- 
(forward  oLmaxirmim 
diameter) 

Aerodynamic  properties 

Entry  conditions 

Altitude- 

Velocity 

Flight-path  angle 

Design  range 

Value  used  in  moat  of 
simulations 

Angle  of  attack 

Design  range 

Value  used  in  most  of 
simulations 

Spin  rate 

Simulation  techniques 

Numerical  integration  of  the 
of  freedom 


26.  1 kg  (57.  3 lh_4- 
45  deg 
0.  5 

0.  585  m (1.917  ft) 

0.  268  mZ  (2.  885  ftz  ) 

79  kg-mz  (0..47  slug_ftz) 
53.  5 kg-mZ  (0.  36  slug-ft2) 
4*  1?  cm  (1.  65  in.  ) 


Taken  from  Appendix  A 


150  km 

11,150  m/ sec  (36,600  fps> 

20  to  90  deg 
40  deg 

0 to  35  deg 
30  deg 

15  rpm 


equations  of  motion  in  six  degrees 
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SPIN  DAMPJNG  DERIVATIVE,  1/RAI). 


I SMALI.  DIAGONAL 
SHADED  FINK 


MACH  NUMBER 

FIGURE  5.-2  4,  SPIN-DAMPING  DERIVATIVES  USED  II^IX  D0F  SIMULATIONS 


V ■ 11.2  km/sec  (36G00  ft/scc) 
r 


FIGURE  5.2-5.  SMALL  PROBE  TRAJECTORY  QUANTITIES 
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2)  For  simulations  of  the- probe  with,  spin-damping  fins.-, 

spin  damping  data  from  the  Langley  results  was  again  used. 

The  configuxatioft  consistecLof'four  diagonaLiins  mounted  a£t_ 
of  the  aerosheil.  The  Clp  value  derived  was  -0.  0L6-6,_and  the 
Mach  numbe-r-variation-oL-C  ip  used  in  the  simulations  is  shown 
in  Figure— 5,  2 -4. 

Detailed  trajectory  and  motion  quantities-dur ing  entry  and  into  the 
beginning  of  the  descent  phase  we-re_ocmputed.  Typical  results  are  pro- 
vided’in  Figure  5.2-5." 

The  following  observations  are  pe-rtinentr. 

• Spin  rate  increases  from  its  entry  value  of  1-5-  rpm  to  about 

120  rpm.  The  spin  rate  excursion  results  from.the  assumption 
of  an  ablation-induced  spin  torque  coefficient  of  0.  5 x 10"4.  The 
spin  rate  excursion  is  contained  by  the  influence  of  the  aero- 
dynamic spin-damping  derivative,  Cip  whose  value— is  -0.00375. 

• Total  angle  of  attack,  converges  from  its  30  degree  entry  value  to- 
ahout  0.  2 degree  at  18  seconds. 

•  A slight  motion  divergence  Wangle  of  attack  increases  from- 

0,2  to  0.9  deg)  exists-between  the  times  of  18  and  30  sec.  This 
is  tbe-transonic  Mach  number  region  where  Cmq  is  positive. 

• The  hypersonic  stability  is  excellent. 

Other  brief  observations~are-as  follows: 

Observation  Altitude,  k.~n  Time,  sec 


Maxirr-,m  angular  rates,  300  deg/sec 

86.0 

9 

Maximum  lateral  loads,  8 g 

83.  a 

9.  5 

Maximum  dynamic  pressure: 
(7000  psf)  335,  900  N/m2 

80.  5 

10 

- 

Maximum  axial  loads:-  360  g 

80.  5 

10 

1 

Maximum  pitching  frequency:  25  Hz 

80.  5 

10 

— ) 

— : t 

Mach  Number  =5.0 

73.  2 

13.  6 

Mach  Number  = 1.3 

71.  0 

19.  2 

Mach  Number  = 0.7 

69.  8 

27.  4 
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TOTAL  AjNGLf  OF  ATTACJC,  * , DfG 
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500 


_1_ 

450 


_l_ 

400 


350  30° 

ALTITUDE,  KFT 


250 


200 


J 

5 

TIME,  SEC 


J J I 

10  50  100 


FIGURE  6.2-6,  SMALL  PROBE  COMPOSITE  UPPER  ENVELOPE  ANGLE 
OF  ATTACK  HISTORIES 


5-38 


30163*  761(0) 


The  overall  motion  behavior  o£-the  simulation  discussed  is  typ-lcal  of 
alL the- simulations  made.  In  particular,  all-featured  a slight  destabilization 
around  TO  km  altitude  due-  to  the  effect  of  the  predicted  transient  region  oL 
destabilizing  Cmq,  aggravated  irr  cases  of  high  spin— rates  by_spin- induced 
instability. 

Simulations  were  made  to  determine  the  effect  upon  probe  motion  of 
entering  at  various  other  entry  path  angle  conditions.  Specifically,  the  con- 
ditions: in  Table  5 .-2~- 4 were  used'in  the- simulations. 

The  resulting  behavior  was  very  similar  to  that  described  earlier. 

Tbe  maximum  angles  of  attack  following  the  transonic  divergence  region 
were  all  small.  Their  differences— resulted  primarily  from  the  fact  that 
they  all  had  different  initial  angles  of  attack  at  entry;  the  entry  path  angle 
itself_had  no  dominating_gffeet. 

In  addition  to  the  4 trajectory  and  motion  simulations  described-thus 
far,  11  others  were  made  wherein  selected  comblnaiions  of  the  following 
effects  were  investigated: 

• Spin  damping  fins:  (with  and  without) 

-4 

•-  Spin  torque  coefficient;  0,  0.  2-,  0-_5 ,-^a.nd  1 . 0 x 10 

• Dynamic  damping  derivative:  reduced  by  a factor  of  2.  0,  sub- 
sonicaLly,  and  throughout. 

• C.  G.  location:  nominal  and  2^54  cm_(l.  0 in.  ) aft  of  base, 

6.  71  cm  (2.  65  in.  aft  of  nominal). 

A composite  plot  of  total  angle  of  attack  envelope  profiles  for  these 
cases  is  shown  in  Figure  5.2-6.  The  results  of  all  but  two  cases  fall 
nearly  on  top  of  each  other,  being  very  similar  to  the  detailed  case-de-sc ribed 
earlier  in  this  section.  These  include  simulations  with  and  without  spin 
damping  fins,  and  with  roll  torque  coefficients  up  to  1.  0 x 10"4  (five  times 
the  value  taken  as  "design  ClQ").  Case  2 (note  2)  in  Figure  5.2-6  shows  the 

TABLE  5.  2 -4n  SIMULATION  CONDITIONS 


V deg 

oe,  deg 

Spin  Rate  P , 
r e 

rpm 

Cl 

1o 

1 

a . dee 

max  6 

70 

9 

15 

0. 2 x 10~4 

o. : 

40 

22 

15 

0.  2 x 10‘4 

0.  6 

20 

31 

15 

0.2  x 10-4 

1.3 
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5-40 


JOI6J-762(U) 


effect  of  reducing  the  subsonic  damping  parameter  by  a factor  of  2rrQ  together 
with  a Cl0-  value  of-  0.  5 x 10'4.  Herb  the  angle  of  attack  tends  to  ’-4aang  up" 
following  the  transonic  region.  However,  its  magnitude  is  small,  namely 
L'.  0 deg. 

Finally,  case  1 (noto  I)  in  Figure  5.2-6  shows  an  angle  of  attack 
divergence  to  nearly  6 deg.  This  condition-resulted  from  the  assumption 
that  the  longitudinal  c . g.  was  2.54  cm.(l.  0 in.  ) aft  of  the  base,  and  that  C j0 
was  0.  5 x W4.  In  addition,  the  Crnq  value  was  halved  throughout  the 
entire  trajectory,  reflecting  inferences  obtained  from  the_L.angley  tests. 

While- the  latter  behavior  is  undesirable-,  it  is  not  catastrophic. 

More  importantly,  it-should  not  be  thought  of  as  a design  condition,  since 
the  current  design  c.  g.  location  is  ahea-d  of  the  base.  Rather,  it  shows 
what  would  happen  if  the  c.g.  were  to  be  moved  aft,  and  if  there  was  a ClQ 
of  0.  5 x 10-4. 


More  insight  to  the  dynamic  stability  behavior  as  influenced  by 
transonic  aerodynamics  and  spin  phenomena  is  gained-from  Figure  5.2-7. 

Thirs  figure  consists  of  spin  rate  profiles  corresponding  to  selected  simula- 
tions discussed-  Also  shown  are  dynamic  stability  boundaries  in  the  form 
of  spin  rate  required;  to  produce  neutral-stability.  These- boundaries  were 
calculated  from  linear  theory  using  the  predicted  (linearized)  aerodynamic 
properties.  The  latte-r  curves-show  that  in  a 3 km  region  around  70  km, 
tfte-probe  is  unstable  at  all  spin-rates.  This  is  the  transo-nic  region, 
wherein  the  dynamic  damping  derivative,  Cmq,  is  positive  (destabilizing). 

Spin  rate  profiles  are  shown  with  and  without  spin- damping  fins  and 
for  rolLtorque  coefficient  values  up  to  0.  5— x 10“4,  Here  it  is  seen  that  spin 
damping  does  not  materially  affect  the  spin  rate  until  shortly  before  the 
transonic  region  is  reached.  Moreover,  the  effectiveness  of  the  spin  damp- 
ing fins  over  that  of  the  body  alone  is  not  realized  to  any  great  extent  until 
after  the  transonic  region  l.  's  been  traversed.  (At  altitudes  below  about 
50  km,  the  fins  produce  a f.  >r  of  about  4.  5 reduction  in  spin  rate  compared 
to  bare  body  results.)  Theretore,  at  face  value,  the  question  of  whether  to 
u-se  fins  would  seem  unimportant. 

Langley  Data  Implications 

Results  from  the  Langley  Test  Data,  showed  that  spin  rates  corre- 
sponding to  neutral  dynamic  stability  were  in  the  range  40  to  65  rpm  ~ lower 
than  the  low  subsonic  Mach  number  predictions  shown  in  Figure  5.2-6. 

Thus,  tire  existence  of  a neutral  stability  roll  rate  is  established  qualitatively 
although  the  level  is  not  correlated  quantitatively.  The  LRC  data  do,  how- 
ever, indicate  aft- area  for  concern  as  to  the  effect  of  lowering  the  stability 
levels. 


Associated  probe  engineering  design  efforts  have  shown  that  the  use 
of  small  aft-mounted,  spin  damping  fins  do  not  entail  any  serious  design  com- 
promises. On  tne  basis  of  the  above  discussions  then,  such  fins  are  recom- 
mended for  the  base  line  design  with  prudence,  conservatism  and  insurance 
providing  the  motivation. 


I 
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Conclusions  - 


The  small  probe  entry  and  descent  motion  behavior  is  good  throughout 
the  trajectory  regime.  The  motion  behavior  is  essentially-  insensitive  to 
entry  path  angle- over  the  design  range-,  and  is  LargeLy  unaffected  by  off- 
nominal  aerodynamic  characteristics. 

Effect  of  Atmospheric  Horizontal  Wind  on  Communication  Angie  Deviation. 

This  subsection  evaluates  the  effects  of  atmospheric  horizontal  winds 
on  the  deviation  of  -communication  angles  for  the  probes  descent.  Winds  of 
two  types  are  considered,  "knife-edge  shear"  (discontinuous  wind  profile)  and- 
smooth  wind  gradients  (wind  linearly  changing  with  altitude-). 

Knife  Edge  Shear.  - The  effect  of  a sharp  wind  shear  is  represented 
in  this  analysis  as  a time-discontinuity  in  the  wind  profile.  The  effect  on 
communication  angle  of  such  a wind  shear  encounter  is  addressed.  The 
vehicle  (small  probe  or  press-ure  sphere  suspended  on  parachute)  is 
assumed' to  be  in  stable  terminal  descent  at  the  time  o£-shear  encounter. 

From  this  assumption,  it  follows  that  the  effect  on  communication  angle 
depends  only-upon  the  amount  of  wind  velocity  change,  and  not  on  the  abso- 
lute wind  velocity  itself.  Thus,  the  effects  on  communication  angle  response 
woul'd  be-the  same  for  a vehicle  going  from  zero  tro  10  m/sec.  horizontal 
wind,  as  it  would  going  from  10  m/sec  to  0,  or  from  40  to  30  m/sec.  T-he 
resulting  trajectory  drift  angles  would  of  course  be  different.  The  qualita- 
tive response_of  communication  angle  (9)  to  a Knife-edged  wind  shear  is 
illustrated  in  Figure- 5.  2 -8. 

The  behavior  of  9 can  be  thought  of  as  the  sum-of  two-constituents  ~ 
a mean  response  profile  and  oscillations  about  the  mean. 

The  mean  profile  is  that  which  would  result  if  the  ve'  icle  had  pitch- 
damping, but  had  no  pitching  inertia,  and  as  a result  would  trim  into  the 
relative  wind  instantly. 

The  oscillatory  portion  of  the  communication  response  profile  is  that 
generated  by  the  static  and  dynamic  pitching  moment  characteristi”8.  Of 

special  significance  is  the  maximum  value.  In  the  limit,  as  the  vealcLe 

pitching  moment  of  inertia  and  the  dynamic  damping  characteristics 
approached  zero,  the  communication  angle  would  "overshoot"  G mean  initial 
by  exactly-a  factor  of  2.0.  The  existence,  however,  of  nonzero  response 
time  and  damping  pruduce  an  overshoot  factor  of  about  1.  8 <±0.  1).  This 
range  applies  both  to  the  small  pr^be  as  well  as  the  pressure  sphere/ 
parachute  system,  and  is  in  fact  relatively  insensitive  to  the  actual  pitching 
characteristics  of  the  probes  (moment  of  inertia,  static  and  dynamic  stability). 

Using  an  average  initial  overshoot  factor  of  1.8,  the  maximum 
allowable  wind  shear  was  calculated  for  the  small  probe  and  the  large  probe/ 
parachute.  This  information  is  shown  in  Figure  5.2-9. 


5-43 


5-4  4 


lh)»5t-£9t0f 


lht?  lime  to  half  damping  of  the  oscillalions  can  vary  widely  for  the 
nail  probe  if  the  region  of  transonic  instability  just  preceding  terminal 

;scent  is  considered.  For  regions  of  neutral  dynamic  stability  (Mach 

umbers  less  than  about  0.  H)  the  time  to  half  damping  is  bracketed  by 

± l sec  at-65  km_  decr-oasing  somewhat  exponentially  with  altitude  to 

5 ± 0.  L5  sec.  at  the  surface.-  Similar-figures  for  thc-p res sure  sphere/ 
ifo  chute-system  are  approximately  1 U sm  at  65  km,  increasing  to 
jout  -4  ± l sec  by  45  km.  This  reversed  behavior  for  the  large  probe  is 
Je— primarily  to  the  added  mass  characteristics  of  the  parachute. 

t. radio In  a— gradual  wind  gradient  environment,  the 
jhavior  of  the  probes  will  be  different  from  that  in  a wind  shear 
tvi  ronmeni. 

lo  the  extent  that  the  wind  change  is  slow  compared  to  the  vehicle 
tct.ing  frequencies,  rotational  dynamies  may  be  ignored;  the  vehicle  effcc- 
vely  trims  into  the  relative  wind.  This  behavior  is  quantified  as  fellows, 
eiine  the  following-quantities: 

V'w  horizontal  wind  velocity 

Vp  probe  horizontal  component  of  velocity 

VCT  probe-descent  velocity 

The  direction  of  the  relative  wind  vector  sens-ed  by  the  probe, 
slative  to  the  planet  local  vertical  is  given  by 


6 = 


V 

CO 


ssuming  small  angles. 

The  only  horizontal  component  of  force  is  drag  assuming  the  vehicle 
•ims  instantly  and  writing  the  drag  equation  with  altitude  as  the  independent 
triable,  the  communication  angle  is  shown  to  be: 
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FIGURE  5.2  10.  COMMUNICATION  ANGLE  DEVIATION  DUE  TO 
HORIZONTAL  WIND  GRADIENTS 
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where 

Vpo  ~ arbitrary  initiaLvalue  of  V 

P 

A SP-Cq/2iti 
b - altitude 
href  reference  altitude 
denotes  derivative 
The  quantity  "A"  is  also  defined^: 


A 


p _ 

2 m = IT2 

T 


yields  a steady  state  solution  for  communication  angle  piv  > by 


e - 


-V'  V 

W_  co 


where  gy  is  the  planeta-y  gravitational  acceleration. 

shown  inVi^r, lriS?CX1Xf*  °lthie  8t6ady  8tat'J  communication  angle  ate 
par^te  8 5-2'10-fo^e  P-bes  and  the  large  probed  the 

‘AV.vrSf.'SS^  'JX?ZL?  °-  °5' 


hublt.h'd™' Md.ri  S^c.^Ug't  CenUr,  December. 
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Conclusions.  The  orient  at  ion  angle  behnvi  or-o£-the  de-se-e-Hf  probes 
due  to  atmospheric,  disturbances  has  been  analyzed,  (tenoral  observations 
of  the— te su..t;s  are  as  follows: 

1)  The  probe  terminal  descent:  velocity  is  a key  parameter  affect- 
ing the  communication  angle  disturbance  values.  In  fhc-  case  of 
sharp  wind  sheaars,  faster  descent  velocities  produce  smaller 
disturbances.  Conversely,  for  linear  wind  gradients,  faster 
descent-velocities  produce  larger  disturbances. 

Z)  Little  can  be  done  through  engineering  design  to  alter  the  com- 
munication angle  response  characteristics  shown.  This  is- true 
because  the  response  depends  directly  upon  descent  velocity, 
and_descent  velocity  varies  as  the  square  root  of  probe  ballistic 
coefficient.  Thus,,  for-instance,  to  change  the  communication 
angle  sensitivity  by  a factor  of_2.  0 would-re quire- changing- the 
ballistic  coefficient  by  a factor  of  A.  0. 

3)  The  communication  angle  response  characteristic s pre-sented 
are  virtually  unaffected  by.  the  degree  of  static  or  dynamic 
stability  or  pitch  moment  of  inertia  values  (the  only  assumption 
being. tha-t  the  configurations  are  both-stabically  and  dynamically 
stable.). 

4)  When  the  term  "communicdion  angle  d-evi-adion"  is  used,  The 

word" "deviation-"  is  stressed.  Specifically,  the  results  shown 

in  thrs  section  represent  deviations  from  the  nominal  descent 
communication  angle,_whu  h itself  could  be  large-  ( especially 
for-the  small  probes,  since  they  are  targeted  "a  long  way"  away 
from  the  Venusian  subearth  point).  This  being  true,  a given 
deviation  due  to  wind  effects  is  not  necessarily  deleterious:  and 
in  fact  could  just  as  easily  reduce  the  communication  angle  as 
increase  it.  The  degree  to  whic.n  a wind  induced  deviation  helps 
or  hinders  communications  is  determined  by  the  direction 
(azimuth)  of  the  wind  with  respect  to  the  azimuth  of  the  targeted 
point  with  respect  to  the  subearth  point. 

Aerodynamic  Test  Summary 

A series  of  tests  have  been  conducted  in  the- NASA  L.anglev  Vertical 
Spin  Tunnel  and  the  NASA/Ames  Water  Tank  to  evaluate  qualitative  sub- 
sonic terminal  fall  stability  for  the  small  probe.  Terminal  stability  is 
critical  on  the  small  probe  due  to  the  long  time  (approximately  1 hr)  required 
to  reach  the  planet  surface  after  achieving  terminal  conditions  and  the  10  deg 
angie  of  attack  limitation  for  communication.  These  tests  have  examined 
configuration  variables,  center  of  gravity  locations,  end  the  use  of  roll 
damping  fins  and  their  effects  on  the  observed  motion. 

Initial  and  final  wind  tunnel  test  data  are  discussed  iri  Appendix  13 
with  the  analysis  of  tnat  data  and  the  water  tank  tests  discussed  in  Appen- 
dix C and  D,  respectively. 
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Thor /.Delta  Summary 

» ^ Au  degree  of  freedom-motion  simulation-s-ln  previous 

rhfr0*?  b°?  55  *•*■*•*•  ***  45  deg  small -probes  have-acceptable  entry 
H-1 a’rtc‘.ePtsttcs  compatible- with mission  requirements.  Total  angle  of  7 

m e ntnaf ‘< fftrf1  °ft  °“  **  Urg£  probe  reaciies  a «u»ri mum-at parachute  deploy- 
c 68  usirift  wcw-at  cae_e  vehicle-mass  properties  and-en(rry  condi- 

Mthinfl'i^an^Patnt  m\8S  plots  for  die  Ur&  P»*e  a*  a nominal  entry 
path-angle-of  40-deg  are  shown  tn  Figure  5.2-H-  The  altitude  at  which7 

oath  ani°iCUrS4°r,a  ,rang8  o^-^aliia-feic  coefficients  as  a function  oLentry 
paUi  angle  is  presented  in  Frgure  5.2.-  12  for  the  large  probe. -As  indicated 

sssrsns  “a:'81"  *•  ““ubie  *«  hut. 

Figure  ?y?P-t<)t1_8^aU  probe  en\ry  fcr^jectory  parameters  are  presented  in 
furfrtir^  t-v.  Maximum  axial  loads  Tor  both-large  and  small  probes  as  a 
function  of  path  angle  are  provided  in  Figure  5.  2> L4.  Since  the  large  probe 
is  designed-Xor  entry  path  angle  variations  between  20  and  60  deg  the  maxi- 
mum loading  will  be  limited  by-  500  g.  Small-  probe-entry  path  angles  He 
between.  20  and  90  deg,  sdnch  would  indicate  maximum  loading  ofS535  g. 

Atlas /Centaur  Summary 

..  , tbe  change  in  cone-angle  oLthe  Large-probe-  from-55-  to 

t 5 ,th*  change  irt  payloads_  and  vehicle  mass-properties  brought  about 

ot,h~iarge  *nd-8rriall  probes.  Results  are  provided  in 

format  1*1 "h^  ^ and  5.  2-16  for-the  small  probe.  Curve 

l i from ^ subsection  5.  2.  4 to  permit  direct  comparisons 

PKand_ShallOW  pafch  aa«Les-  With  the  choice  of  the  Atlas/Centaur, 
the  small  probe  maxunum  axial  g have  increased  from  535  to  590  while  the 
large  probe  decelerations  have  gone  from  *490  to  5i0  g. 

_ l ( Th.t  alJ^ude  at  Which-Mach  = 0.  7-  is  reached  as  a function  of  path 
ngie  for  the  Atlas /Centaur  configuration  may  still  be  obtained  from  Figure 
f 1 ^ coef£icient  of  152  kg/m*.  At  the  nominal  entry  angle 

30  dog,  the  Mach  0.  7 altitude  ie-above  68  km,  still  sufficiently  high  to  meet 

to  66*km  rCmentS  °f  reaching  ('errnina£  velocity  on  the  main  parachute-prior 
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5.  3 STRUCTURE 


A structure  trade  study  to  deurminc'  the  optimum  structure  its  a variety 
of  mate-rials  (aluminum  alloy,  herylliu  n,  titanium,  and  stainless  steel)  and 
with  various  structural-concepts  (monocoque,  ring  stiffened  monocoque,  and 
honeycomb)  indicated  that  7.7  kg  (17  lb)  could  be  saved  by  using  beryllium  (see 
Table  5.3-1).  Therefore,  with  weight  as  the  dominant  selection  c riteria,  this 
material  was  chosen  for  the  Thor/Delta  probes.  A ring  stiLened  monocoque 
was  selected  for  the  large  probe,  and  a pure  monocoque  for  the  small.  The* 
use  of  beryllium  imposes  an  added  cost  of  $900  K to  the  progra,  and  so  for 
the  Atlas/Centaur  version,  with  emphasis  on  cost  (and- weight  a less  critical 
problem),  aluminum  was  chosen  as  the  baseline  material  for  the  large  probe. 
Initially,  titanium  was  chosen  for  the  small  probe;  however,  considering  the 
potential  problem  of  autoignition  associated  with  titanium,  stainless  steel  was 
the  final  choice. 


TABLE  5.  3-1.  WEIGHT  SUMMARY 


Aluminum 

Beryl  1 

ium 

Titanium 

Structure 

kg 

lb 

kg 

lb 

kg 

lb 

Large  Probe 

Mono  coque 

19.  58 

43. 

07 

8.  10 

17. 

81 

25.  90 

5b.  97 

Ring-  stiffened 

12.  So 

28. 

30 

5.13 

11. 

28 

15.  38 

33.  84 

Honeycomb 

15. 44 

33. 

97 

14.  83 

32. 

65 

19.  42 

42.  73 

Small  Probe 

Stainless 

Steel 

58.4  cm  diameter  - 

45 

deg 

4.  12 

9. 

10 

1. 25 

2. 

75 

3.  75 

8.  2b 

colic  monocoque 

Honeycomb 

- 

- 

3.  18 

b. 

99 

5.  40 

11.  87 

53.3  cm  diameter  - 

55 

deg 

5.  70 

12. 

5 9 

1.0  3 

> 

u • 

27 

3.  10 

b.  82 

cone  monocoque 

Honeycomb 

- 

- 

3.  00 

h. 

ol 

4.  3o 

9.  58 

58.4  cm  diameter  - 

55 

deg 

5.  10 

11. 

21 

1.  32 

> 

91 

4.  31 

9.  49 

cone  monocoque 

Honeycomb 

-- 

- 

- 

3.  3 3 

1 • 

32 

4.  82 

10.  bO 
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Requirements 

T-he  basic  requirements  for  the  descent  module  structure  are  to  supply 
support  for  the  pressure  vessel  and  heat  shield  during  powered  flight  and 
entry.  T-he  structural- design  loads  for  eivtry  au'e  shown  in  Table  5.3-id. 
Typical  pressure  distributions  over  the  45  arid  55  deg  cone  aeroshells  are 
shown  in  Figures  5-:  3- 1 and-5.3-2-  Design  limit  loads  were  increased  by  a 
factor  of  1.  25  for  Thor/ Delta  and  1.  5 for  Atlas/ Centaur  to  obtain  ultimate 
design  loads.  The  selected  structural  design  temperature  limit  was  600  "K 
however,  due  to  the  heat  shield  thermal  lag  characteristics,  the  structural 
temperature  at  the  time  of  the- design  loading  would  be  365  °K 

Tests/  Trades 


A structure  trade  study  was  made  to  determine  the  relative  merits  of 
various  materials  and  structural  concepts.  The  mate-rial  properties  assumed 
for  the  study  are  shown  in  Table  5.3-3,  and  the  structural  concepts  in 
Figure  5.  3-3. 

The  initial  study  considered  only  the  main  structural-members  of  the 
basic  frustum,  and  the  only  selection  criteria  was  weight.  The  more  detailed 
studv  considered  the  effects  of  the  secondary  structure-(for  weights,  see 
Table  5.  3- 4), —manufacturing  problems,  and  program  cost.  From  this  data, 
the  selection  of  a beryllium  structure  was  made  for  the  Thor/ Delta  probes 
(a  ring  stiffened  monocoque  being  used  for  the  large  probe  arud  pure  monocoque 
for  the  small).  For  the  Atlas /Centaur  variant  an  aluminum  ring  stiffened 
monocoque  was  selected  for  the  large  probe  and  a stainless  steel  monocoque 
for  the  small  probe.-  The  choice  was-  mainly  determined  by  weight  considera- 
tions for  the  Thor/Delta  probes,  and  cost  for  the  Atlas/Centaur. 

Aluminum  was  not  considered  for  the  small  probe  because  of  the  re- 
quirement to  survive  the  maximum  soak  out  temperature  of  772°K  at  the  sur- 
face of  Venus.  For  the  ring  stiffened  designs,  it  should  be  noted  that  the 
number  of  rings  selected  as  the  practical  optimum  is  less  than  the  optimum 
predicted  from  the  curves  shown  in  Figures  5.3-4  and  5.  3-5.  All  three 
stiffened  monocoque  concepts  (stringer  stiffened,  fabricated  ring  stiffened, 
and  integrally  machined)  offer  very  similar  solutions  regarding  weight.  Inte- 
gral machining  was  selected  as  the  optimum  concept  for  beryllium  as  it  avoided 
the  cost  and  problems  of  hotforming  components  and  reduced  the  amount  of 


TABLE  5.  3-2.  DESIGN  ACCELERATIONS 


Thor  / Delta 

Atlas/  Centaur 

Large  Probe  Small  Probe 

Large  Probe  Small  Probe 

Axial,  g 
Lateral,  g 

500  560 

25  25 

510  590 

25  25 
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FIGURE  5.3-1.  LAEGE-EBOBE  PRESSURE  LOADING 
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TABLE  5.  3-3.  MATERIAL  PROPERTIES 


Fty 

Ftu 

F 

y 

V” 

su 

E 

Material 

GN/m2 

Ksi 

GN/m2 

Ksi 

GN/m2 

Ksi 

GN/m? 

' KaJ 

ON/'  mz 

| lb/ln2jtl06 

gm/cm^ 

lb/  in3 

Aluminum 

7075-T6* 

0.  44 

64.  0 

0.52 

75.  0 

0.  43 

62 

0,30 

I 43.0 

72 

10.  5 

I 

2.8  1 

1 ’ | ’ 

0.  10 

0.33 

Aluminum 

2024-T861* 

0.  43 

62.0 

0.48 

70.0 

0.  44 

63 

0.  28 

40.  0 

72 

10.  5 

2j.8 

0.  10 

0.  33 

Titanium 
6A  L-4V* 

0.  Sfc 

126.  0 

0.  92 

134.0 

0.  91 

132 

0.  53 

79.  0 

11 

16.4 

4.  45 

0.  16 

0.  31 

Beryllium 
2 percent  BeO 
cross  rolled 
sheet 

0.  41 

59.  0 

0.  47 

69.  0 

0.40 

58 

0.48 

70.  0 

290 

42.  0 

1.86 

0.  067 

0.  25 

Fiberglass 
182;  polyester 
resin** 

0.  19 

28.  1 

0.29 

42.  5 

0.  06 

8.  7 

}7 

2.5 

2t55 

0.  092 

Stainless  steel* 

1.  03 

150.0 

1.  22 

177.  0 

I.  09 

158 

0.  79 

115.  0 

206 

0.  30 

7.  63 

0.276 

0.32 



•mm 

"T"’ 

— i— 

Ti 



— ■ -r  i-H 

Mil-  5-  B Handbook  values 


Mil- 17  Handbook  values 


X 

o 


cr 
»-  *1 


3 

a". 


0 4 H 

. NO.OF  WTfcfW.tD^Tt  RINGS 


0 4 * \2 

0 wo  of  iir.FJv.*. rp.AiF  m*. 


FIGURE  6 3-4.  LARGE  PROBE  FRUSTUM 
STRUCTURE  WEIGHT  VERSUS  NUMBER  OF 
INTERMEDIATE  RINGS 


FIGURE  5.3  5.  LARGE  PROBF.  SKIRT 
STRUCTURE  WEIGHT  VERSUS  NUMBER 
OF  INTERMEDIATE  RINGS 


TABLE'  5.  3-4,  COMBINED.  A EROSHELt- 
ANr>  INTERNAL  STRUCTURE 


Probe 

Structure 

Mat  erial 

kK  - - 

- lb 

Large 

Ring  Stiffened 

Aluminum  Alloy 

24.  3 

- 53.6 

Monocoque 

Large 

Stringer 

Beryllium 

12i  7 

28.0 

Stiffened 

Monocoquc 

La-rge 

Ring  Stiffened 

Beryllium 

12.  2 

26.  9 

Monocoque 

Large 

Monocoque 

Beryllium 

15.  3 

33.  8 

Small- 

Monocoque 

Beryllium 

3.  3 

7.  3 

Small 

Monocoque 

Titanium 

7.  7 

17. 1 

rivetting  on  the  assembly.  Integral  machining  was  also  found  to  be  optimum 
for  aluminum  considering  the  small  number  of  assemblies  to  be  produced. 
Analysis  also  showed  that  a local  thickening  of  the  skin  was  needed  m the 
region  of  the  payload  ring.  With  integral  machining  this  could  be  accommo- 
dated without  resorting  to  the  complexity  of  doubler  plates. 

To  keep  the  aft  structure  temperature  within  design  limits,  it  is 
covered  by  0.  1 in.  (2.  5 mm)  of  low  density  ESM.  This  will  give  a considera- 
ble safety  margin  over  the  theoretical  heat  protection  requirements  presented 

in  Figure  5.  3-6. 

Integrated  Structure 

As  an  alternative  to  the  baseline  design,  an  integrated  structure  concept 
was  evaluated  for  the  small  probe.  This  is  shown  in  Figure  5.  3-7,  and  the 
weight  statement  (Table  5.  3-5)-  provides  a comparison  with  the  baseline  design. 
With  this  concept  the  pressure  vessel  is  shaped  to  given  an  acceptable  aero- 
dynamic configuration,  and  hence  no  separate  aeroshell  is  required,  t e 
thermal  protection  for  entry  is  applied  directly  to  the  shell.  The  pressure 
vessel  is  made  in  two  parts,  the  forward  one  being  a hemisphere  and  the  alt 
section  having  the  same  spherical  radius  as  the  fore  section  but  is  somewhat 
less  than  a hemisphere  so  that  when  the  two  sections  are  joined  an  aft  facing 
step  is  produced.  The  resulting  body  is  somewhat  smaller  in  base  diameter 
than  the  baseline  design,  thus  making  it  easier  to  package  the  bus,  but  more 
aerodynamic  data  is  required  to  support  the  configuration.  Ihe  main  struc- 
ture must  be  run  hot  in  this  design,  and  this  has  several  undesirable  con- 
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TABLE  5.  3-5.  MASS  PROPERTIES  COMPARISON  - 
INTEGRATED  DESIGN  VERSUS  BASELINE 


Ma_ss  Difference 

kg 

lb 

Shield  and  bond 

-1.  18 

- 2.6 

Elimination  of  separate  aeroshell 

-3.  35 

- 7.4 

Pressure  vessel  structure 

4.71 

10.  4 

Insulation 

.45 

1.  0 

Thermal  isolation 

. 45 

1.0 

Total  difference 

1.  0 

2.  2 

NOTES:  1)  Equipment  shelf  and  components  assumed  to  be  same  fo-r 

both  concepts 

2)  Ratio  of  roll  inertia  to  pitch  inertia  will  probably  be  not 
significantly  more  tharr  1.  0 for  integrated-design 

sequences:  first,  the  high  temperature  of  the  structure  means  lower  allowable 
mechanical  properties,  and  hence  an  increase  in- shell  thickness  (and  weight) 
will  be  required;  second,  the  insulation  material  is  carried  on  the  inside  of 
the  pressure  vessel,  and  this  means  making  the  load  carrying  structure  larger 
also  extra  weight  will  be  involved  in  providing  thermal  isolation  for  the  equip- 
ment  package  as  this  must  be  supported  from  the  hot  structure.-  Further 
weight  penalties  are  introduced  by  the  shape  of  the  structure,  as  this  must  be 
less  efficient  than  the  sphere  of  the  baseline  design.  The  end  result  is  a de- 
sign that  is  somewhat  heavier  than  the  proposed  solution,  and  therefore  unless 
size  becomes  a dominant  selection  criteria,  there  is  little  justification  for 
changing  to  this  concept. 

Thor/ Delta  Baselines 

Large  Probe  Deceleration  Module  Structure  (Figure  5.  3-8) 

The  main  structural  member  for  the  aeroshell  is  the  frustum  with 
its  integral  stiffening  rings.  At;  first  sight  the  integrally  machined  concept 
mav  appear  to  be  an  uneconomical  approach,  but  a study  demonstrated  that 
competitive  costwise  with  other  concepts;  in  addition,  ii  reduces  the  amount 
of  joints  to  be.  made  (always  desirable  with  beryllium)  and  allows  the  skin 
thickness  to  be  varied  along  the  shell  to  conform  more  closely  to  the  theo- 
retical requirements . A machined  dome  is  rivetted  to  the  frustum  to 
complete  the  nose.  Two  rings  are  fitted  to  the  shell;  a two-piece  ring, 
forming  a closed  triangular  section,  is  used  to  stiffen  the  outer  edge  of  the 
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shell,  and  a-tee  shaped  ring  is  used-for.  attae+iing  the  payload  support-structure. 
This  latter  structure  is  a.  cyli&dr ical  "can"  with  a "zee"  section  ring  at  its 
aft  end  for  mounting  the- pressure  vessel.  The  pressure  vessel  is-attached  by 
three  bolts  which  react  the  booster  acceleration  loads..  The  main  design  load 
for  this  area-is  the  entry  deceleration;  this  is  reacted  by  compression  between 
the  pressure  vessel  flange  and  the  payload  support  ring,  the  latter  being 
machined  to  give  a narrow-support  area  as  close  as  possible  to  the  pressure 
vessel  to  reduce  bending  stresses  in  both  members  to  a minimum.  The  aft 
face  of  the  aeroshell  is  covered  by  a thin  sheet  member  which  is  fitted  with 
a series  of-removable  panels  for  access  to  the  experiments,  instrumentation 
and  eLectrical  harnessing  and  for  fitting  the  parachute.  Strengthening  members 
are  fitted  for  mounting  the  pilot  chute  mortar. 

For  attaching  the  probe  to  the  bus,  three  fabricated  longeron  assemblies 
are  fitted.  These  fittings  extend  from  the  booster  interface  (where  one  pad  is 
provided  for  the  attachment  bolt  and  its  catcher  and  another  for  the  separation 
spring  push  rod)  to  the  aeroshell.  The  area  between  the  longerons  is  filled  in 
V/ith  a thin  sheet  metal  aft  structure,  A light  ring  around  the  aft-end  of  the 
structure  provides  the  attachment  features  for  the  aft  cover;  the  aft  cover, 
which  is  retained  by  mechanically  operated  latches,  is  a dished  metal  struc- 
ture, with  a fiberglass  insert  to  ac'  as  the  antenna  window.  In  general, 
attempt's  to-  substitute  othe-r  materials  for  beryllium  for  certain  components  in 
the- hope  that  a mixed  construction  would-be  more  cost  effective  proved  fruitless, 
as  using,  light  alloys  intToduced-a  thermal  stress  problem-,  and  titanium,  although 
compatible  with  beryllium,  increased  the  weight  significantly  and  may  be  incom- 
patible with  the  Venusian  atmsophere.  The  aft  cover  could  be  one  area  where 
aluminum  would  be  acceptable-  structurally  and  the  weight  increase  would  be 
approximately  3 lb. 

Two  of  the  science  experiments  have  a direct  impact  on  the  decelera- 
tion module  design.  The  cloud  particle  analyzer  experiment  requires  a pylon- 
type  structure  to  mount  a mirror.  This  protrusion  from  the  pressure  vessel 
requires  a cut  out  in  the  aft  structure  to  provide  clearance,  and  a fairing  added 
tb  provide  a cover;  a local  extension  on  the  aft  cover  forms  a lid  for  the  a ft 
end  of  the  fairing.  The  shock  layer  radiometer  sensor  is  fitted  to  the  nose  of 
the  aeroshell.  In  addition  to  the  structural  ring  required  for  the  attachment 
bolts,  this  installation  requires  a quartz,  window  and  a local  thickening- of  the 
heat  shield.  The  electronics  for  this  instrument  are  mounted  on  the  aeroshell, 
positioned  as  close  to  the  sensor  as  the  pressure  vessel  will  allow,  the  angular 
position  being  chosen  so  that  the  weight  of  the  unit  will  contribute  towards  the 
mass  balancing  of  the  probe. 

The  instrumentation  of  the  aeroshell  is  confined  to  two  heat  shield  back- 
face  temperature  sensors  and  two  ablation  sensors  of  the  multiwire  resistive 
type.  The  electrical  wiring  consits  ol  a harness  routed  around  the  aeroshell 
with  branches  going  to  the  1FD,  the  pressure  vessel  electrical  interface,  the 
shock  layer  radiometer,  and  the  instrumentation.  The  wires  are  supported 
at  frequent  intervals  along  the  structures,  and  adequate  access  is  proposed 
for  the  installation  of  the  harness  and  components,  and  for  the  mating  of  the 
connectors. 
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, . . . arc  provided  around  the  aft  ring  of  the 

Point*  for  attaching  ballast arc  I ^ of  th|J  u.  to  be  controlled, 

aero  shell.  This  will  enable  the  lat  ral  1 ls  q[  inf!rtia;  if  the  principal 

but  will  give  only  limited  ‘ ^^uraev,  a further  ballast  plane  will  be 

provi^^d'at^he  forward  en^he-payloid  support  structure. 

c-,,11  Probe  Deceleration  MoAuj^Sfructure  <Fi'“,rC  C ’ 3‘ 9>' 

In  general,  the  small  probe  really  deduced  because  ot  the 

used  on  the  large  probe,  but  ““Vs^e  veLel  separat.on  .ubayaWn* 

small  size  and  the  lack  of  u ^onocoque  to  be  used  without  the 

The  smallness  of  the  aeroshell  alio  J{  thc  larg,e  probe;  this  resul 

stiffening  rings  that  char  aeterize  the  stru^^^^  increasc.  No  aft  structure 
in  a simpler  structure  without  * * m that  closes  off  the  back  of  the  aero- 

real  ired  other  than  the  thin  diaphrag  IFD  and  electrical  inter- 

shil  This  skin  is  reinforced  l°c^  tetmo^*eature  The  t r 

face  the  despin  rockets  and  the  dep  V ;ffen;nE  function,  incorporates  the 
"ine'of  the  aeroshell,  in  addition  to  i s Roll-  control/ stabilization 

r n , for  the  attachment  of  the  probe  to  the  bus.  Ko  reSsure  vessel; 

p Jare  fitted  to  mounting  P'riate' ,»c^ so  that  their  heat  capacity  may 

There  are  two  experi  ments  that  bperi phery  of  the 

aeroshellt'i^^^pro^ete^^^^a'iairmg  provides  the^atta^bment feabrra® 

vessel  houses  a pressure  transducer  which  ^ a probe  at  ,he  front 

^^iheSn^Krrrmgh. ** .....  «*>•  «-* 8 

and  temperature  changes. 

The  electrical  harness  and  th^  tri^b^ctrical\nternffce  is  provided 
manner  to  that  used  on  the  large  pro  . n module  for  the  temperature 

a a c / Centaur  Trades 

” The  structural  trade  studies  ««”  dc«blydr  “uce^from  fh^ThoWDelta 

ss.- 

Honeycomb  was  not  considered  sizes  and  design  criteria 

Sit  u would  he  heavier  than  a shell. ^ bc  worth  the  h? 

reversed  this,  any  small  weight  savi  g structures,  and  for  tne 

plexity.  Hence,  the  trades  centered I on  mon  combi„ati„„8  of 

P nrnbe  an  aluminum  shell  was  - , . Table  5 't«6»  show  that  pure 

;“&l.r  than  a sttffened  monocofue. 
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FIGURE  5.3-9.  SMALL  PROBE  INTERFACE  DEFINITION 


D-B3 


C1 


(UteiucM.  im«Rr*ci  fo v- 

JOCKtTft  < t>tN»OR. 

R'0  '>-»0«.  THffcMM. 
rWOTlCTlOt*.  - 


5l"0  k-OFP«l  rilCM. 

C.QHTMJ-  atTWEtVi  :«\0Do 
»>WUSTn»Cvj_ 


FOLDOUT  FRAME 


REPRODUCIBlUtV  OF  THE  ORIGINAL  PAGE  IS 


a.. 


r 


1 

I 

i 


TABLE  5.  3-6.  STRUCTURAL  pESIGN  STUDY 


Probe 

r 

1 

Diameter 

1 

Weight 

— ! 

m 

in. 

Material 

Structure 

lb 

2 

Design  | 

Far  Jo  r 

Large 

1.  232 

48.  5 

Aluminum 

r,  ^ — 

Stiffened: 

Two  rjngs,  frustum 
Two  rings,  skirt 

24.  1 

53.  1 

500 

1. 25 

Large 

1.  232 

48.  5 

Aluminum 

Monocoqqe 

26.  8 

59.  0 

500 

1. 25 

Large 

1.  232 

48.  5 

Aluminum 

Stiffened: 

Three  rings,  frustum 
Three  rings,  skirt 

22.  4 

49.  4 

500 

1. 25 

Large 

1.  346 

53.  0 

Aluminum 

Stiffened: 

F ur  rings,  frustum 
Three  rings,  skjrt 

27.  1 

59.  7 

575 

1. 50 

Large 

1.  395 

55.  0 

Aluminum 

Stiffened: 

Four  rings,  frustum 
Three  rings,  ^kirt 

30.  2 

66.  4 

575 

1.  50 

Small 

0.  725 

28.  6 

Titanium 

Stiffened: 

One  ring,  frustum 

7.  26 

16.  0 

560 

1.25 

Small 

0.  725 

28.  6 

Stainless 

steel 

Monocoque 

9.  58 

21.  1 

560 

1. 25 

Small 

0.  725 

28.  6 

Titanium 

Monocoque 

7.26 

16.  0 

560 

1. 25 

Small 

0.  660 

26.  0 

Stainless 

steel 

Monocoque 

8.  53 

18.  8 

595 

1,  50 

Small 

0.  660 

26.  C | 

Titanium 

Monocoque 

6.  44 

14.2 

595 

1. 50 

j 

'-.A 


Manufacturing  studios  indicate  that  similar  fabrication  |irm  ussns  would  be 
uM'ri  t'or  either  concept  (i.e,  , both  would  bo  much ined  from  u roll  ring  forg- 
ing), therefore,  the  ring  stiffened  structure  was  selected,  as  the  weight 
saving  was  considered  to  he  cost  effective.  As  with  the  llior/Delta  structuios, 
'additional  weight  saving  could  be  effected  by  increasing  the  number  of  stiffen- 
ing rings;  the  number  oi  rings  was  limited  to  four  in  the  sl;ir*  area  because  a 
greater  number  would  not  be  practical  for  rivetting  the  webs  to  the  shell,  fmu 
rings  wore  also  selected  for  the  frustum  area  as  being  the  best  compromise 
between  weight  and  complexity.  For  the  small  probes,  structures  in  titanium 
and  stainless  steel  were  considered,  Monocoque  structure  was  selected  be- 
cause stiffening  rings  gave  no  apparent  weight  advantage.  Stainless  steel,  al- 
though weighting  approximately  JO  percent  more  than  the  equivalent  strucLuic 
in  titanium,  was  chosen  to  avoid  the  autoignition  problems  associated  with  the 
latter  material.  The  fins  are  beryllium  because  they  are  small  simple 
structures,  and  th e-material  is  an  effective  heat  sink.  The  increase  in  weight 
incurred  by  changing  these  components  to  stainless  steel  would  have  a dele- 
terious effect  on  the  probe  center  of  gravity. 


Both  probes  remain  similar  in  general  layout  to  those  described  in  the - 
previous  section.  Detail  differences  include:  l)  the  deletion  of  the  shock 

wave  radiometer  experiment  from  the  large  probe,  and  2)  the  IFD-of  the  small 
probe  has  been  changed  from  the  45  pin  connector  to  the  65  pin  lot  wire  actu- 
ated IFD  for  commonality  with  the  large  probe. 


Atias/Centaur  Baselines 


La rge  Probe  Deceleration  Module  Structure  (Figure  5.5-10) 

The  general  structural  layout  for  the  Atlas/  Centaur  baseline  remains 
similar  to  that  described  for  the  Thor/Delta  baseline,  and  is  shown  in  figure 
5.3-10.  It  is  a ring  stiffened,  rnonocoque,  aluminum  shell  with_a  nose  radius 
one-half  the  baseline  diameter  of  1.  395  m (55  in.),  and  a conical  frustum  of 
45  deg  half  angle.  One  detail  change  from  the  Thor/ Delta  baseline  is  the 
deletion  of  the  shock  wave  radiometer  experiment. 

Small  Probe  Deceleration  Module  Structure  (Figure  5.3-11) 

Here  also  the  general  structural  layout  shown  in  Figure  5.3-11  is 
similar  to  that  of  the  Thor/Delta  baseline.  It  is  a plain  rnonocoque  (no 
stiffening  rings),  stainless  steel  shell  with  a nose  radius  one-half  the  base 
diameter  of  0.  673  m (26.  5 in'.  The  cone  half  angle  of  45  deg  is  the  same  as 
the  Thor/Delta. 

One  detail  difference  is  a change  from  the  45  pin  IFD  connector  to  a 65 
pin  hot  wire  actuated  IFD,  in  order  to  provide  commonality  with  the  large 
probe. 
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5.  4 HEAT  SHIELD 

Xhe_ heat  shield-material  trade 
1) 


;r  formed  for  four  materials! 


Phenolic  nylon,  a moderate  density,  low  conductivity  materiaL, 
which  forms  a relatively  weak  char  layer, 

2)  Carbon  phenolic,  a higher  density,.  high-conductivity  material 
which  forms  a relatively  stable  char, 

3)  Teflon,  a moderate  density,  low  conductivity  material  that 

forms  no  char  layer  but  is  reflective  to  shock  ,ayer  radiat.on. 

4)  A foamed  silicone  elastomer,  GE  ESM  1004,  '.he  lowest 
density  material  considered,  with  low  conductivity,  but  a 
relatively  high  char  layer  vaporization  rate. 

Phenolic  nylon  proved-to  be  the  lightest  system,  with  carbon  Phenolic 
a fair Iv  close  second-  Teflon,  which,  had  originally  been  considered  because 
of  its  high  reflectivity,  proved  unattractive  primarily  because  of  the  low 
raUo  otfJitive  to  elective  heat  Load  calculated^  the  Venus  mission. 

xh*  ^ is 

tZS&figSZZZZ.  Mgh°rXwe  sy  stem  weight.  Comp.r«W.  Thor/ 
shield  system  weights  (tor  ohe  large  probe  plus  three  small 
probe-s)  are  shown  for  all  four  materials  in  rahU  5.4-1. 

vinaL  selection  between  phenolic  nylon  and  carbon  phenolic  was  based 
on  additional  factors  considered  in  these  studies  such  as  overal  cost  pre- 
vious  flight  experience,  and  effects  on  science  as  summarized  in  Table  5.4-2. 

Both  materials  have  fLown  in  earth  entry  environments  approximately 
eauai  to  that  of  Venus  so  that  both  materials  could  be  considered  to  be  accept- 
able from  an  entry  flight  experience  standpoint.  Although  phenolic  nylon  hs 
been  exposed  *to  a^space  environment  for  fairly  prolonged  flights  and  carbon 
phenolic  has  not,  analysis  has  shown  that  no  d eta r ° 
would  be  expected  due  to  the  space  environment.  The  main  points  in  t 
of  phenolic  nylon  are  its  relative  low  weight  and  cost  and  these 
to  its  selection  for  the  Thor/Delta  mission  which  is  weight  critical.  Carrion 
phenolic  *on  the  other  hand.  1.  superior  In  its  mass  loss  and  shape  change 
character istic s , .ho.  easing  the  science  task  o£  atmospheric  reconstruction. 

TABLE  5.4-1.  COMPAR/  TIVE  THOR /DELTA  HEAT 
SHIELD  SYSTEM  WEIGHTS,  kg 


Substructure  Material 

Phenolic  Nylon 

Carbon  Phenolic 

Teflon 

ESM 

Al 

22 

27.  6 

48.  4 

89.  0 

Be 

20.  5 

24.  1 

45.  5 

87.  0 
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TABLE  5.4:-2.  HEAT  SHIELD  SELECTION  FACTORS 


F actor 

Phenolic  Nylon- 

Carbon  Phenolic 

Choice 

m/Gji  A accuracy, 
percent 

2 

0.  5 

CP- 

System  weight  — 
1976,  kg* 

22.  6 

27.  4 ' 

PN 

System  weipht  — 
1978/80,  kg 

+8  percent 

+ 1 percent 

PN  (?  ) 

Cost 

Nominal 

Nominal 
+ 0.  3 m 

PN 

Potential  application  to 
outer  planet  mission 

Not 

competitive 

Applicable  to 

some 

missions 

CP  (?  ) 

Flight  experience 
Flux  levels 

Comparable 
to  Venus 
mission 

Comparable 
to  Venus 
mission 

No  obvious 
choice 

Vacuum  exposure 

to  30  days 

2D_mLn 

- CP 

Entry  performance 
uncertainties 

— 

— 

CP 

^‘System  weights  are  for  total  of  1 large  and  3 small  heat  shields  — 
Thor /Delta. 

**Includes  1.25  safety  margin  on  nominal  thickness  requirement. 


***Includes  1.20  safety  margin  on  nominal  thickness  requirement. 

Another  major  point  in  favor  of  carbon  phenolic  (CP)  is  its  relative 
insensitivity  to  uncertainties  in  the  calculated  heal  Load.  Phenolic  nylon 
with  its  high  mass  loss  rate  is  much  more  sensitive  to  any  changes  in  heat 
load,  thus  CP  would  be  less  susceptible  to  unknowns. 

With  the  final  selection  of  the  Atlas/ Centaur  launch  vehicle,  the 
weight  advantage  of  phenolic  nylon  (PN)  over  CP  because  of  secondary  impor- 
tance. Therefore,  considering  the  already  stated  advantages,  CP  was  selec- 
ted as  the  heat  shield  material  for  the  Atlas/Centaur  design. 

Following  the  trades  that  lead  to  a selection  of  CP  as  the  preferred 
heat  shield  materiaL  for  the  Atlas /Centaur  application,  studies  were 
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l#4  t<^the-selecti™  of4e l^at  £ld  t ! -hu*!*  thermal  responses  and 

analysis  and  entry  t^rmaf! fJc  thicknesses.  An  orbitaLeold  soak 

the  application  of  carbon  phenoUc-to  ' thUnifs^o^'^S^^b^r-  co”kdenc°-in 
of  bonding  materials  and  larbon  phenoiic  heat  °rting  discussions 

are  included  to  provide  a further  Ptrechn i -=>1  k shlield  fabrication  techniques 
phenolic  heat  shields__  trechnieai  base  for  the  evaluation  of  carbon 

Requirements 


The  heat  s-hield  material 
lowing  system  parameter:?: 


selection  and  sizing  was  based  upon  the  fol- 


THOR/ DELTA 


Entry  velocity 


1 1-  1 km /sec 


Entry  angle 


Atmosphere 


Entry  velocity 


35  to  60  deg  large  probe 
20  to  90  deg  small  probe 

September-  1 972- Venusian  atmo- 
sphere Model  No.  lr  NASA  SF80H 

atlas/gentaur 


H . 6 km  /sec 


Entry  angle 


25  to  60  deg  large  probe 
20  to  90-  deg  small  probe 


Atmosphere 


September  1972  Venusian  atmo- 
sphere Model  No.  I,  NASA  SP80I1 


program  objectives , ^he'TandWat^m it  1°'*,cost  de81Sn  consistent  with  the 
concepts.  Other  factor  s were  Ton"d'ere7w7  * ° m8ht  P-™- 

factoring,  repairabiiity.  susceptibility  to  change,  fn  d^oi  cond  ?'  manu- 

the  resultant  mass  lr>««  in  ...  1 . ®es  in  resign  conditions,  and 

became  a TritZli paramet^^  °f  the  fLigh<-  ***** 

reconstruction  could  be  accomplished/"8  e_accuracy  Wlth  which  atmospheric 


Trade  Studies 


Hypersonic  Entry  Heating  - Thor/ Delta 

Convective  And  radiative  Heat  fr^nafor  _ _ * i . . 

culated  for  the  large  and  an ialf  nmho  f ue*.rfte  hlstorie9  have  been  cal- 

v.h,cie,ocatio„..^“i:r^:^^^-:^:-,-^ition. 
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were-per formed  at  the  sha-llow  end  of  the  flight  path  angle  entr^r  corridor, 
since  experience  has  shown- that  generally  the— heat  shield  is  sized  by  the- 

trajectory  that  maximizes  the  time  integrated  heat  transfer  and  has  the 

Longest  heating  duration.. 

Convective  and  radiative  heat  transfer  rate  histories  to  the  probe 
stagnation  poinband  to  the  Location  on  the  skirt  where  the- turbulent  heat 
transfer  ia  the  maximum  are-illustrated' in  Figures  5.4-1  through  5.4-4 
for  the  lange  and- small  probes.  Transition  from  a laminar  to  turbulent 
boundary  Layer  is  assumed  to-occur  between  a Reynolds  number,  based  en 
local  boundary  layer  edge  oro-perties  and  wetted  Length  of  100,000  and 
200, 000. 

The  variation  of  entry  heat  load-with  path  angle  has  been  estimated, 
using  approximate  techniques.  The  baseline  analysis  at  the  shallow  path 
angle  limit  of  the  entry  corridor  has  been  used  as  the  reference  point.  It 
can  be  seen,  Figure  5.  4--S,  that  the  total  heat  load  decreases  with  increase— 
ing  path  angle. 

Heat  transfer  in  the  separated  flow  base  region  is  illustrated  in  Fig- 
ure 5.  4-6  for  the  large  probe,  which  is  also  typical  of  the  smaLl  probe. 

Phenolic  Nylon  Ablation  Modeling 


The-Laminar  and  turbuLent  hypersonic  ablation  of  PN  in  air  has  been 
extensively  investigated- both  analytically  and  experimentally-.  Much  of  the 
analysis  and  testing  has  been- done  at  local  pressures  less  than  1 atm  and  very 
low  aerodynamic  shear  levels.  At  these  conditions  in  air,  Vt  akefield  et  at, 
have  demonstrated  that  the  consumption  of  the  available  oxygen  at  the  char 
surface  by  the  pyrolysis  gases  must  be  accounted  for  in  order  to  accurately 
compute  the  char  surface  oxidation  rates.  G.  E.  flight  experience  on  both 
Discoverer  and  Biosatellite  vehicles  is  consistent  with  the  results  of 
Wakefield.  In  the  mild  satellite  entry  environment  where  the  local  aerody- 
namic shear  is  less  than  48  N/m^  (l  lb/ ft^)  and  the  local  pressure  is  less 
than  1 0 5 N/m^  (1  atm),  there  is  negligible  char  surface  oxidation  for  time 
integrated  heating  toads  as  high  as  2.  3 x 10®  J/m^  (20,000  BTU/ft^). 

5 2 

As  the  local  pressure  increases  above  about  10  N/m  and  the  aero- 
dynamic shear  above  about  48  N/m^,  the  char  layer  begins  to  fail  and  erode 
due  to  local  stre-sses.  This  effect  is  demonstrated  by  the  data  of  Hiester 
and  Clark  for  local  pressures  above  one  atmosphere.  A summary  of  the 
G.  E.  phenolic  nylon  flight  test  data  in  air  from  high  performance  reentry 
vehicles  where  the  aerodynamic  shear  ranged  up  to  4.  8 x 10-^  N/m^ 

(100  lb/ft^)  and  the  local  pressure  up  to  4 x 10®  N/m^  (40  atm)  is  presented 
in  Figure  5.4-7,  and  demonstrates  that  the  char  mass  toss,  in  the  high 
pressure / shear  environment  is  more  than  one  would  predict  using  the 
graphite  oxidation  theory.  The  total  data  scatter  at  the  higher  enthalpies  is 
about  25  percent.  The  effective  heat  of  albation,  Q ":,  is  defined  as  the- hot 
waLl  convective  heat  transfer  rate  divided  by  the  rhar  mass  Loss  rate. 
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Additional  low  pr...»m  plasma  *»«  B™“"d  fl,.»  ami 

vFr.Vu4«^  tr * 

much  higher  for  those  low  pressure  plasma  arc  lasts  than  tor  Iho  ip 
pressure-shear  flight  environments. 

The  correlation  ot  Flgura  5.4-7  in,  lodes  only  the  coprccUvc  heat 
(Figure  5.4-8). 

As  a check  ot-.h.  vliue  o!  * edlLThot ' pa. 

data  were  superimposed  upon  it  at  the  aPP  about  two  times  that 

Tt?  ~Vi*  i» 

ZTZX7T  due° p f im  a-r  i ly  to  the  aerodynamic  shear  effects,  masks  any 
effect  due  to  thejiot.gas  radiation. 

this  design  due 

has  Tr , employed  ^ « 

vective  heat  1 ranate r J * "y  oTth ,s  approach  for  use  in  C02  and  com- 
KSd  To^^adlaUvTheSwas  demonstrated  in  the  ablation  screen- 
ing  test  program. 


Carbon  Phenolic  Ablation  Modeling 


Carbon  nhenolic  heat  shield  material  is  flying  on  the  present  genera- 
ity  after  fabrication. 

As  CP  is  heated  in  air,  the  phenolic  resin  decomposes,  leaving  a 
dense  c^aceous  residue 

this  diffusion  limited  region,  the  caai  oxidation  iatcs  k 


Laminar  flow 


m 


D 


% 


5.  88  (hr  - hw) 


Turbulent  flow  m 


D 


\ ^ c 

6.  8 (hr  - hw) 
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F16URE  5.4-1.  LARGE  PROBE  STAGNATION  HEAT  FLUX  HISTORIES 


5-% 


1 iCUUL  fl  J^tJTrwc-j  *». 


ln)9SZ-C9I0t 


8 * SSW 


ENTRY  TIME  (SECONDS 

FIGURE  5.4-2  LARGE  PRCBE  SKIRY  MAXIMUM  HEAT  FLUX  HISTORIES 


5-97 


<n)ZB*-C?TO£ 


8 = 4S° 


ENTRY  TIME  (SECONDS) 

FIGURE  5.4-3  SMALL  PROBE  STAGNATION  HEAT  FLUX  HISTORIES 
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FIGURE  5.4-6.  LARGE  PROBE  BASE  CONVECTIVE  HEAT-FLUX  HISTORIES 
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?HC\r,“urAS  ?,e  hef;tinfi  is  Creased  and  the  surface  temperature  approaches 
2800  K,  sublimation  of  the  car bonaceous-char  commences.  Thip  subllma- 

mentraHv°nitaha  6en  extensively  investigated,  both  analytically  and  experi- 
mentally.  It  has  oeen  demonstrated  that  all  of  these  app  roaches  predict 
char  erosion  rates  that  fall  within  the  scatter  of  available  flight  test  data 
for  pressures  less  than  about  27  4^c  10=  N4m-2  (24  atm)  and  there  is  no  clear- 

d^ri«e£eJr!dr^VytlCaI'appr0ach*-  -The  desi«n  technique  employed  is  that 
developed  at  GE  for  earth  entry  by  Fogaroli  and  Brant. 


The  convective  heating  in  the  absence  of  char  recession, 


j * . ° V C A 1C*  i.  A-  C -Wv  n 3 lUil  . G . IS 

altered  for  carbon  recession  by  the  combined  effects  ofLbiowing  and  chemical 
reactions  of  the  carbon  in  air.  This  alteration  is  expressed  by 


'h- ) Hr  - hw  - B (hw  - hs) 


'ho 


Hr  - h 


w 


Where 


m 


B = 


p u C, 

' e e h 


- 


j t Ti,e  ca^b°n  mass  loss  rate,  ms,  and  accompanying  wall  gas  enthalpy 
are  determined  through  use  of  the  sublimation  mass  loss  formulations  of 
Fogaroli  and  Brant. 


the  purpose  of  generating  carbon  phenolic  char  erosion  rates  for 
the  heat  shield,  design  trade  study,  the  results  of  the  Fogaroli-Brant  analyses 
ere  also  employed.  The  radiative  and  convective  heating  was  treated  sep- 

uuring  tne  ablation  screening  program. 

Heat  Shield  Safety  Factor  Analysis 

A number  of  uncertainties  exist  in  the  predicted  magnitude  of  the 
hypersonic  heating  environment  and  the  thermal  protection  system  per  for  - 

Sat  the  n aean,rteH  terrSining  ^ thernial  sV3teni  weights,  it  is  necessary 
hat  the  magnitude  of  these  uncertainties  for  the  various  materials  be  deter- 
mined, and  a required  thermal  safety  margin  assigned  for  each  material. 
eredUhLCre  am.  }"  ° hyPcrsonit;  heating  environment  parameters  consid- 

oftran-ii  \*n'in!ir'  turbulent-  and  radiative  heat  transfer  and  time 

of  transition  from  laminar  to  turbulent  flow.  The  magnitude  of  the  uncer- 

**  ,in  the  h^atinR  environment  are  the  same  for  all  thermal  protection 
materials  considered  in  the  trade  study,  although  the  sensitivity  of  the 

ious  materials  to  the  heating  environment  uncertainties  is  different.  The 
uncertamues  in  thermal  protection  system  performance  considered  here 
include  thermal  response  and  surface  recession  (oxidation,  sublimation 
melting,  or  mechanical  erosion).  ’ 
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Common  practice- is.  to  assume  that  a normal  distribution  of  these 
uncertainties  exists  and  to  translate  the  3 a deviations  of  each  ^ecrtamty 
separately  determined  into  an  equ, valent  3 <r  deviation  tn  heat  sbteWth.nk, 

. - a c,m\ma.rv  insults  is  pr  e s.p.ntftQ  in  l 3 • 

ness  requirement.  A summary  r 


T&-3LE  5 4-3.  AE R OTHER M OD  YN AM  1C  SAFETY  FACTORS 
SMALL  PROBE  — SKHLT 


Effect-on  Shield  Unit  Weight, 

Uncertainty  in 

percent 

Parameter 

Parameters, 

percent 

PN 

CP 

ESM 

TEF 

Turbulent  convective 
heat  transfer 

±15 

1 1 

2 

14 

12 

Time  integrated  tur- 

bulent  heat  transfer 
due  to  transition 
uncertainty 

+4 

3 

0.  4 

4 

4 

Radiative  heat  transfer 

+ 60 

0.  9 

0.  1 

l.  5 

0 

Ablation  process 
modeling 

- 

PN 

±20 

20 

CP 

±15 

4 

ESM 

±108 

108 

TEF 

±30 

30 

Total  uncertainty  in 

23 

5 

109 

33 

shield  unit  we  ight 

Thermodynamic  safety 
factors  recommended 

1.  25 

1.  20 

2.  09 

1.  33 

for  design 

Shield  thickness 
requirement  - 

"Nominal  shield 

- 

thickness  reqmt. 
to  hold  590 0 K 

X 

[Safety  Factor] 

max  structure 

-temperature  at 
= °-8 

I 

I 

I 
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FIGURE  5 4 9.  COMPARISON  OF  AVAILABLE  STAGNATION  POINT  CONVECTIVE 
HEATING  DATA  WITH  CURRENT  DESIGN  APPROACH 
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stagnation  Point  Convective  He^  Transfor.  The  methodology 
levels  by  about  ±30  percent. 

Boundary  Laver  Transition.  The  boundary  layer  transition  criteria. 

emoloved  in  the  thermal  protection  materials  trade  study  was  a Reyno 

number  based  on  local  boundary  layer  edge  properties  and  wetted 

. , r i pa  non  TTep  o£  this  critsrw  nc s u It s in  tnns  1 

will  increase  by  about  4 percent  over  the  nominal  case*  evaluate  . - 

Turbulent  Heat  Transfer.  The  methodology  employed  to  compute  the 
locaUuFBul-ent  heat  trans ierSTCO?.  has  been  described-in  Reference  l.  The 
..  0r  Earth  entry  flight  test  data  on-a  blunt  51.  5 deg  cone  is  sho  n 
Figure  5.  4-  10  to  be  Lout  ±15  pereent.  Comprehensive 
bulent  heat  transfer  data  in  COZ-are  not  currently  availabR,  so  t : wi 
assumed  that  the  total  uncertainty  on  turbulent  heat  transfer  in  ? 
equivalent' to  that  in  air. 

Radiative  Heat  Transfer.  The  methodology  employed  to  compute 

tct  data.  Jaworski  and-Nagler  (Reference  3>,  selected  an  uncertainty  of 
40  percent  for  90  percent  C02  and  10  percent  N2.  Wolf  and  SP^S*1 
(Reference  4)  demonstrated  that  the  uncertainty  for  100  percent  CO*  was  60 
{* ZZ  * Since  the  Pioneer  Venus  entry  corridor,  the  relative  magnitude 
5 rLailtTve  hett  transfer  is  small  compared  to  the  convective,  a value  of 
±60  percent  uncertainty  will  be  employed  for  this  evaluation. 

AhLation  Process  Mathematical  Modeling.  Techniques  employed  for 

c a l c u l a ryRce  k ° Ltic  ^b.  ar&  layer  nLchan- 

Jcal^rnsion  and^s  calculated  by  an  empirical  technique  illustrated  in  Fig- 
ure  5.  4-7?  “i is  seen  from  Figure  5.4-7  that  the  uncertainty  m phenolic 
nylon  heat  of  ablation  is  about  ±20  percent. 

Carbon  phenolic  char  <s  removed  by  oxidation  until  the  surface  tem- 
perature reaches  about  2800  PK.  at  which  time  sublimation  commences. , GL 
experience  ha,,  demonstrated  that  carbon  phenolic  char  recession 

rates  can  be  predicted  to  within  ±15  percent. 
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FIGURE  5.4' 10.  BLUNT  51.6  DEG  CONE  PEAK  LAMINAR  AND  TURBULENT 
FLIGHT  DATA 
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Teflon  is  removed-by  a sublimation  proce-ss  for  surface  temperatures 
above  lOQO'K.  The  Teflon  sublimation  rates  are-computed  by  use  of  the 
semieinpir-ieal  correlation  illustrated  in  Figure  5,  4-  1 L Note  that  the  total 
data  scatter  for  the— laminar  flow  regime  is  about  percent  and  for  the 
turbulent  flow  regime  about  ±10  percent.  An. alternative  approach  to  comput- 
ing laminar  flow  sublimation  rates  is  ava-ilttble  from  the  teat  data  correia-  — 
tion-of  Heister  and  CLark—lReference  5)  which  shows  a ±3<r  deviation  of 
±30  percent. 

ESM  char  is  removed  by  a melting/ vapor  brat  ion  process  that  com- 
mences for  surface  temperatures  above  ^TO-^K.  ESM~char  removal  rates 

are  computed  by  use  of  an  empirical  correlation  reported  by  Heister  and 

Clark  and  indicate  a ±3  c deviation  of  the  te-st  data  of  ±108  percent. 

The  effect  on  heat  shield  thickness  requirements  ef  the  various  sur- 
face recession  uncertainties  discussed  above  have  bren  determined  and  are 
illustrated  in  Table  5-4-2. 

Thermal  Response  Uncertainties.  A number  of  thermophysical  prop- 
erties and  parameters  effect  the  magnitude,  of  the  predicted  shield  thermal 
response.  These  include  char  acid  virgin  material  thermal  conductivity, 
specific  heat,  density  surface  emissivi£y„  virgin  material  decomposition 
kinetics  constants,  and  heat  of  decomposition.  Most  of  these  parameter s- 
have  been  independently  measured  in  the  laboratory  and  subsequently 
employed  in  a mathematical  model  of  the  heat  shield  performance  such  as 
described  in  Reference  1. 

Current  design  practice  at  GE  for  carbon  phenolic  heat  shields  per- 
forming in  a-short  term  high  heat  flux  environment  is  to  employ  a safety 
factor  on  the  nominal  required  shield- thickness  o-f  I.  2.  This  includes  pro- 
visions for  uncertainties  in  both  surface-  recession  and  thermal  response 
predictions.  This  approach  has  proven  satisfactory  in  numerous  flight  tests. 
Hence,  for  the  Pioneer  Venus  Thor/Delta  mission,  a safety  factor  of  1.  2 
was  employed  on  the  nominal  carbon  phenolic  thickness  requirements.  This 
factor  was  increased  to  1 . 5 in  the  Atlas/ Centaur  mission  design  in  order  to 
minimize  the  amount  of  developmental  testing  necessary. 

As  the  entry  path  angle  is  increased  above  the  value  used  for  design, 
the  resultant-  safety  margin  incre-ases,  due  to  the  decreasing  heat  Load. 
Hence,  for  nominal  flight  performance,  the  safety  factors  employed  exist 
only  at  the  shallow  end  of  the  entry  corridor,  and  are  greater  for  steeper 
path  angles. 

Total  Uncertainty  in  Shield  Thickness  Requirement.  The  separate 
error  sources  previously  identified,  evaluated  and  tabulated  in  Table  5.4-3 
are  rss  to  determine  the  total  uncertainty  in  shield  thickness  requirement. 
These  values  are  tabulated  at  the  bottom  of  the  table  for  the  small  probe 
skirt  area.  Similar  calculations  were  performed  for  the  small  probe  stag- 
nation point  area  and  the  large  probe.  However,  the  total  uncertainty  was 
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FIGURE  5.4-11.  TET4.0N  HEATS  OF  ABLATION  IN  AIR 


5-110 


(n)96I-E9J0t 


sli-ghtLy  gx-eater  Ln-a.iL  cases  for  the  smarU-porobe  skirt  acoa-tharv  £o.r_any  of 
the  other  cases  evaluates,,  so  to  simplify  des-ign  procedures  the  smaLLprobe 
skirts  uncertainties,  witJZbe  employed  as  safety  factors  on  both  large-and 
small  p-robes. 

Heat  Shield  Mieight 

Heat  shield  material  thickness  requirements  were  generated: for  the- 
Thor/Delta  Launched  large  and  small  entry  vehicles  for  the  four  candidate 
materials:  PN,  GP,  a high-density  foamed  silicone  elastomer  (ESM  1004), 
and  teflon.  AlLof  the  candidate  ablative  materials  can  be  bonded  to  the 
selected  structure  with  a low  modulus  foamed  or  unfoamed  adhesive  such  as 
RTV-560,  RTV  630,  or  PD  200.  These  bond  systems  have- been  tested  up  to 
6 1 2 ° K. 


Several  different  structural  concepts  and  materials  were  investigated 
to  determine  the  effects  of  structural  heat  capacity  on  required  shield  thick- 
nesses. These  included,  both  honeycomb  and  ring,  stiffened- shells  made  of 
aLuminum,  beryllium,  and  titanium.  The  local  heat,  capacitance  of  the  alu- 
minum and  beryllium  structures  are  about  equal,  for  the  largo  probe,  so  the 
results,  although  run  for  aluminum  are  equally  applicable  for  beryllium. 

On- the  conical  skirt,  where  most  of  the  shield/ structure  weight  is 
located,  PN  provides-  the  minimum  weight' system.  Gar-bon-phenoLic  has 
high  char  erosion— resistance,  but  is  relatively  a poor  insulator.  ESM  1D04 
experiences  extremely  high  char  vaporization  rates,  up  to  0.  76  cm/sec 
(0-3  in/ sec)  at  peak  heating,  and  thus  is  not  a weight  competitive  system. 
Teflon  is  an  attractive  choice  at  the  vehicle  stagnation  points,  but  back  on 
the  vehicle  skirts  where  turbulent  flow  predominates  and  most  of  the  weight 
is  concentrated,  it  is  only  slightly  tighter  than  the  ESM  1004. 

The  results  of  the  trade  study  derived  from  the  REKAP  computer 
program  runs  have  been  summarized  in  Figures  5.  4- 1 2 through  5.4-15 
where  the  maximum  bondline-structure  interface  temperatures  are  shown 
as  a function  of  heat  shield  unit  weight  for  the  various  shield  materials.  A 
review  of  these  results  shows  that  in  most  cases  PN  offers  the  lightest  solu- 
tion. At  the  stagnation  pr;nt,  where  the  flow  is  laminar,  teflon  is  a very 
efficient  material  and  compares  favorably  with  the  PN  results.  However, 
at  the  skirt  location,  where  turbulent  flow  is  dominant,  teflon  is  less  efficient 
and  hence  much  heavier  than  the  PN.  If  the  radiative  heat  transfer  were 
higher,  teflon  would  become  more  competitive  due  to  its  High,  reflectivity. 

It  is  demonstrated  in  these  figures  that  ESM  is  nearly  always  the  heaviest 
solution,  due  to  its  very  high  char  surface  vaporization  rates.  The  CP 
expe: ’.cnees  very  little  surface  recession,  but  requires  a considerable 
amount  of  material  for  structural  insulation.  The  insulation  requirement 
varies  significantly  as  the  structural  heat  capacity  is  varied.  This  effect 
can  be  observed  in  Figures  5.4-16  and  5.4-17  showing  crossplo'.s  of  the 
trade  study  results.  It  is  clear  from  Figure  5.4-17  that  in  the  range  of 
baseline  structures  being  considered,  the  PN  offers  the  lightest  shield- 
structure  combination. 
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FIGURE  6.4-18.  CONVECTIVE  AND  RADIATIVE  HEAT  FLUX  HISTORIES  FOR 
LARGE  PROBE  STAGNATION  POINT 
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These  heat  shie-ld  trade  results. -are  nominal  expected  values  and  do 
not  reflect  any  thermal  safety  margin. 

Considering  the  safety  margins  shown  in  Table  5.4-3,  the  resultant 
thermal  protection  system  weights  required  to  prevent  the  substructure 
from  exceeding  600  “K  are  shown  in  Table  5.4-4.  _ 

Thermal  Analyses  for  Atlas/Centaur  Probes 

Updated  thermal  analyses,,  reflecting  changes  in  the  probe  de-sign  and 
trajectories  necessitated  by  Atlas / Centaur  performance,  have  been  conduc- 
ted with  carbon  phenolic  as  the  heat  shield  material.  Carbon  phenolic  heat 
shield  requirements  are  defined  for  maintaining  a maximum  backface  tem- 
perature of  589  “K  (600  °F)  for  nominal  heating  conditions.  The  design  thick- 
nesses contain  a safety  factor  of  1.  5 on  the  required  thickness  to  decrease 
mission  risk. 

Entry  Heating.  The  entry  convective  and  radiative  fluxes  were 
evaluated  for  the  steep  and  shallow  entry  trajectories.  The  initial  er.try 
conditions  for  the  steep  and  shallow  tr ajectories-are  defined  in  Table  5.4-5 
for  a reference  altitude  of  150  KM- 

HeaUflux  histories  for  the  stagnation  point  and  skirt  are  shown  in 
Figures  5.4-18  through  5.4-21-  The  convective  heat- fluxes  shown  repre- 
sent the  most  severe  Levels  expected  and  include  a-1-5  percent-uncertainty 
in  predicting  convective  heating.  The  nominal  heating  rates  are  15  percent 
below  those  shown  in  the  figures. 

Heat  Shield  Thermal  Response.  The  CP  heat  shield  requirements 
for  each  probe  were  assessed  at  the  stagnation  point  and  at  the  end  of  the 
skirt,  the  maximum  integrated  heating  Locations  for  the  nose  and  skirt, 
respectively.  The  heat  shields  were  nominally  sized  to  prevent  the  back- 
face  temperature  from  exceeding  589°K  (600eF)  when  exposed  to  the  nominal 
heating  environment  associated  with  both  steep  and  shallow  trajectories. 

For  the  large  probe  this  backface  temperature  criterion  is  maintained  until 
parachute  deployment  at  Mach  = 0.  7,  at  which  time  the  heat  shield  is 
ejected;  for  the  small  probe  the  backface  temperature  criterion  is  main- 
tained throughout  soakout  after  the  entry  trajectory.  The  nominal  CP  heat 
shield  unit  weight  as  a function  of  backface  temperature  is  shown  in 
Figure  5.  4-22. 


TABLE  5.4-4.  THOR/DELTA  HEAT  SHIELD  SYSTEM  COMPARATIVE 
WEIGHTS,  kg  (includes  one  large  plus  three  small  probe  heat  shields) 


Substructure 

PN 

CP 

Teflon 

ESM 

Al 

22 

27.  6 

48.  4 

89.  0 

Be 

20.  5 

24.  1 

45.  5 

87.  0 
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TABLE  5.4-5.  INITIAL  ENTRY  CONDITIONS 
(150  km  Ent^-y  Altitude) 


Probe 

T rajectory 

Ballistic  Coefficient 

Path  Angle, 
deg 

Velocity 

Time  to 
Mach  0.  7, 
second 

lbs  / ft2 

kg/m2 

ft/  sec 

m /sec 

i.arge 

Shallow 

31.2 

152 

25 

38, 060 

11, 600 

3Q 

Large 

Steep 

31.2 

1 52 

60 

38, 060 

1 1, 600 

19 

Small 

Shallow 

25.  5 

125 

20 

38. 060 

ll,  600 

-- 

Small 

Steep 

25.  5 

125 

90 
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-- 
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FIGURE  5.4-19.  CONVECTIVE  AMO  RADIATIVt  H£AT  FLUX  HISTORIES  FOR 
LARGE  PROBE  SKIRT 
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The  CP  requirements-  for  maintaining  the  backface  at  589-^  or 
below  together-with-the-assumed' structural  parameters  are  listed  in 
Table- 5_4-6. --The- CP  de-sign  requirements  included  a l.  5 safety  factor, 

whieh^  wlhle  being  greater- than  1.  2 normally  used-  in  standard  design  

practice,-  reduces  the  risk  associated~with  the  shield  performance  in  an 
incompletely  defined  atmosphere,  and  hence  the  amount  of  required  develop- 
mental testing.  Such_a-large  thermaL  safety  factor- does  not  pose  a weight 
problem-in  the  Atlas /Centaur  mission. 

As  a demonstr ation_of  the  adequacy  of  the  design  requirements  in  the 
off- nominaL heating  environment,  the  thermal  resporses-of  the  design  heat 
shield- requirements  were  evaluated  for  the  worst  case  convective  heating, 
which  is  defined  as  1.  15  times  the  nominal  value.  The  resulting  recession, 
histories  of  which  are  shown  in  Figures  5.4-23  through  5.4-26,  ranges  from 
about  L4-percent  of  the  design  thickness,  on  the  stagnation  point  to  about 
40  percent  on  the  skirt.  The  corresponding  peak  backface  temperatures  are 
listed  in  Table  5.4-7.  While  it~is  unlikely  that  both  worst  case  radiative  


TABLE  5.  4-6—  CARBON- PHENOLIC  HEAT  SHIELD- REQUIREMENTS 
FOR-MAINTAINING  BACKFACE  AT  589°K  OR-  3ELOW 


Probe 

Location 

Structure, 

cm 

GP  Requirements 

Nominal 

Design  (SF=1.  5) 

kg/m2 

cm 

kg/m2 

cm 

Large 

Stag.  pi. 

0.  060  At 

10.  50 

0.  725 

1.5.  75 

.1.  087 

Large 

Skirt 

0. 267  Al 

8.  55 

0-589 

12.  80 

0.  884 

Small  - 

Stag.  pt. 

0.  051  SS 

1-3-40 

0.  924 

20.  10 

1.387 

Small 

Skirt 

0. 191  SS 

10.  03 

0.  69 i 

15.  05 

1.  039 

TABLE  5.  4—7.  OFF-NOMINAL  PEAK  BACKFACE  TEMPER ATURES 


Probe 

Trajectory 

Temperatures,- ®K  ( ®F) 

Stag.  Pt. 

Skirt 

Large 

Shallow 

456  (362) 

486  (415) 

Large 

Steep 

346  (162) 

471  (390) 

Small 

Shallow 

389  (240) 

394  (249) 

Small 

Steep 

317  (111) 

345  (161> 

\J 
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ABLATION  IN  CENTIMETERS 


ABLATION  IN  CENTIMETERS 
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ABLATION  IN  INCHES 


FIGURE  5.4-25;  ABLATION  HISTORIES  FOR  LARGE  PROBE,  STEEP  ENTRY  • 


FIGURE  5.4-26.  ABLATION  HISTORIES  FOR  SMALL  PROBE.  STF.EP  ENTRY 
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ct  ra.se -convective  (-t.  times 

jceon^nce  woutd-prouuce- 

EabLe  5. 4JLo£_Less  than  - aero«heU  with  CP 

Orbital  Cold  fce^r  launch  vehleLe  design  cr^ 

heat  shlSia^r^nea^me^  stres8es  ^g^^^^cates-that 

J,icips,cd  enviro”m'nu'' 

,h«  design  is  structurally  0-  match  between  the 

The  <£* 
Z°l£ !i  SS^t.*  f^ltSe  ".houriVbe‘  based  upon  the  gUs.ift- 

Entrv  Thermal  Stress  Analysis.  entry  angle  on  the 

that  critical  temgrMur-enPr-t^e^n  the  so,aUt°  m^  ievlmd  'temperature 
large  probe  a offers  the  most  restrain  tress_view  point. 

ssa  s^sSSss  srsas*-  »=*£*-.  - ~ 

T-her-eiore.  tti.e-««wm 

skirt  regions-  ..  effective  that 

The  analysis  does  no^  cons^er^any  car  jn  umperature^he  shield 

exceeds  a-temperature  o increasing  t em  p e r at  u r e-  a n s u lower 

lreYs"tl  ot  carbon  phenolic  heat  shields.  ^ aBS„red  as  long 

afl  it  the  bo„d , he.,  -- 

The  results  o£  the  analysis  shows  that. ^J^materUI  M less  than 
stresses  exist  to  *h«  °“\er”°,t  calculated  minimum  margin  < ot  ^"thermal 

^alSTrotrfn  .^gures  , 
profites  are 

Figures  5.4-29  an  • i£j  ^ compres- 

- - 

margin  of  aaieiy 

assured. 
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FIGURE  5.4  27.  LARGE  PROBE  THROUGH  THICKNESS^NTRY  THERMAL  STRESS  H!S 


SO  Hi 


i 

I 

Vi 

z, 

3 


5-130 


in)ziF-r9iD£ 


THERMAL  STRESS-NEWTONS/M‘X10~ 
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FIGURE  6.4*8.  SMALL  PROBE  THROUGH  THICKNESS  THERMAtSWF.SS  HISTORY 
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FIGURE  8.4-30.  SMALL  PROBE  THROUGH  TFHCICNESS-ENTRY 
TEMPERATURES 
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wlth  environmental  parame  P 


Heat  flux 
Enthalpy 
pressure 
Shea.r 
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FIGURE  5.4-32.  FLIGHT  SKIRT  CONVEC ITVE  HEATING 
COMPARED  WITH  CONDITIONS  IN  GROUND  TESTS 
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SYMBOL 
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FLOW 
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GE 
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NOTES 
1.  Q*  » \ 

T\ 


CR 
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* TOTAL 
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FIGURE  5.4*34. 
CORRELATtGN 


PHENOLIC  NYLON  HEAT  OF  ABLATION  DESIGN 
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TABLE  5.  4-  1 2.  ESM  1004  TEST  jDATA 


VJ* 

1 


i actlity 

Tul  No. 

Tyj>* 

w 

’r 

If 

P 

s 

Test 

T 

% 

Gas 

Flo* 

, 2 

Bt;»  fl^-se« 

, 2 
w 'n 

Bto  ft  * - se. 

1'Kg 

Htj'Ib 

N/ni 

ATM 

m > sec 

In/  »erl 

Time. 

ser 

K 

R 

GE 

9-73C 

Stag. 

l an  . 

5.  17  x 10* 

4.  *60 

0 

0 

1.  8M  X IU 

H.  100 

4.  21  a 10s 

4.  1* 

3.03  a 10' 3 

0.  I0K 

1.  5 1 

... 

A„  | 

CE 

14-73C 

Slaii. 

l.am. 

5.  0 * 1 0 * 

4.  400 

0 

0 

3.  OH  x 10' 

l 3.  300 

1.  3H  a 10’ 

3.  33 

6.  43  a 10' 3 

0.  253 

0.75 

•* 

... 

C£ 

I0-73C 

Sta«. 

1 an;. 

1.  565  * 10* 

1.  300 

0 

0 

3.  73  a ID7 

lb. 100 

3 46  x 10’ 

3.  41 

1.  t>H  x 10‘3 

0.  066 

0.  oo 

... 

... 

CO, 

GE 

0-73W 

Wedge 

T'irb. 

2.  33  ^ I07 

2.  0*0 

1) 

0 

1.  00  x I07 

M.  100 

3 a 10s 

2 

6.  06  a iO'J 

0.  0274 

2.  85 

... 

... 

Air 

GE 

1A.7JW 

Wedge 

T jr  b. 

>.  46  » !07 

2.  170 

0 

0 

2.  46  x 10* 

12. 300 

2 s «o‘' 

■2 

1.3  a in'3 

0.  051 

3.0 

... 

... 

cu,  i 

Ann 

1 S - 1 

Stag. 

l.am. 

».  10  X 107 

1 . 040 

... 

1.  6 / x 1 •) 

7.  100 

,0^ 

l.  0 

■>.  63  a 10  4 

0.  0 IH 

3.  .3 

Air 

An«» 

;©2 

Sta«. 

Lam. 

1.  IH  A 10* 

1 . 040 

... 

1.63  « .07 

7.  0 »b 

!0’ 

1 0 

1. 02  x 10  3 

0.  040 

3.  •»? 

-- 

Air 

Ames 

1 6-  J 

Stag. 

Lait  . 

1.  10  p 107 

1. 040 

•.  7 x |.V 

1 *».)0 

1. 6 > x 107 

7.  0 »6 

io’ 

1.  0 

1.  73  a I0'3 

0.  0676 

3.0 

2 3 20 

5.  250 

A;r 

A*>es 

21-4 

Stag. 

l.an. 

1.0*  X 10* 

1.  *>J  ) 

... 

... 

2.47  x 10* 

10. 622 

.o' 

1.0 

1.  56  a 10"  5 

0.  073! 

2.  H6 

2745 

4.  44  0 

Air 

An  rs 

22-* 

Nan. 

Lan.. 

1.  Mb  X 10* 

t . hJ'» 

... 

3.  IS  a III7 

10,270 

.o' 

1.  o 

1.  H2  x 10‘3 

0.  07!  7 

3.  00 

30*0 

l 

5.  4->  J 

i 

A;, 

An  rs 

22-o 



Stag. 

Lan  . 

1 . Mb  x l»J  ' 

1.  r»  !■> 

2.  IH  «,  »0 

10.  27-» 

.0s 

1.  0 

!.  16  a 10'  3 

0.  04 ->6 

3.  00 
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FIGURE  5.4-37.  TEFLON  HEAT  OF  ABLATION  DESIGN  CORRELATION 
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in  a CO?  environment  should  not -be  ignored,  particular ly  if  the  flight 
conditions  indicate  that- chemically  induced  recession  wiLL-p  revail.  Analysis 
of-tfte  effectof  boundary  layer  chemical  reactions  for  heat  shield  matter ials 
in -various  gaseous  environments  can_be  performed  witk-tbe  Ablating  Boundary 
Layer  Equilibrium  (ABLE)  Computer  Program. 

The  teflon  recession,  design  correlation  was  developed  from 
flight-data*  and-  relates  heat  of  ablation-io  applied  enthalpy  shown  in  Fig- 
ure-5. 4-37-  The  heat  of  ablation  values  for  thls-test  series  were  computed 
by  considering  that  the  Teflon  surface  reflects  all  of  the  radiative  heating 
and- only  the-convective  heating  is  absorbed  and_causes  mass  loss.  Excepir 
for  orie  test,_alLof  the  laminar  stagnation  models  exhibited  lower  heats  of 
abtation_and  greater  recession  than  would  be  predicted  by  the  design  corre- 
lation- The  turbulent  models  exhibited  considerably  greater  heats  of  abla- 
tion and  less  recession-than  would  be  predicted  by-the  design,  correlation. 
Since  the  sizing  of  the  teflon  heat  shieLd  in  the  system  trades  study  was-per- 
fermed  using-this-  cor relationand  the  assumption  that  all  radiative  heating  is 
reflected,  it-would  appear  that  the  teflon  shield  requirements,  would  be  less 
than  adequate  in  regions  where  laminar  flow  predominated  (e.  g.  , near  the 
stagnation  point),  and  .would  be  conservative  in  thos-e_areas  where  turbulent- 
flow  was  dominant  (e.  g.  , on_the  skirth 

The  CP  heat-shield-thickness  requirements  generated  in  the  system 
trades  study  were  computed  using  the  Reaction- Kinetics  Ablation  Computer 
Program,  which  contains  the  -FogaroiF- Brant  thermocherriical  erosion 
option.  Predictions  of  CP  recession  were- made  for  each- test  using  the 
REKAE  analytical  model,  and  the  results  are  compared  with  the  measured 
test- values-in  Figure  5.4-38-, 

Seme  of  the  stagnation  models  made  by  the  Inverted-chevron  construc- 
tion method  exhibited  drastically  .uneven  ablation  profiles  and  displayed-evi - 
dence  of  "dixie  cupping.  " This  phenomenon  has  been  observed  in  some  ..... 
other  test  models  made  with  the  inverted  chevron  construction  and  exposed 
to  low  pressure  arc  heating.  Apparently,  the  inverted  chevron  construction 
permits  rapid  in-depth  conduction  along  the- carbon  cloth  layers,  causing 
softening  and  gasification  of  the  resin,  which  results  in  deterioration  of  the 
interlaminate  structural  integrity.  When  the  internal  gas  pressure  exceeds 
the  sum  of  the  external  pressure  and-inter  laminate  strength,  the- "dixie  cup" 
is  mechanically  ejected.  Inverted-chevron  construction  has  been  used 
satisfactorily  in  nose  tips  exposed  to  high  heating  and  pressure  levels,  but 
would-not  be  proposed  for  a-CP  Pioneer  Venus  heat  shield.  Unfortunately, 
the  small  size  of  the  stagnation  models  restricted  the-fabr ication  method  to 
inverted  chevron  constructions 

The  turbulent  wedge  models,  representative  of  the  tape  wrapped  con- 
struction used  in  the  skirt  regions  of  an-entry  vehicle,  exhibited  no  abnormal 
behavior  during  testing.  As  indicated  in  Figure  5.  4-38,  the  performance  of 
the  CP  in  air  and  in  carbon  dioxide  was  better  than  predicted  by  the  REKAP 
model.  The  char  depths  for  the  wedge  models  measured  1.  5 mm  (0.06  in). 
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FIGURE  6.4-38.-  COMPARISON  OK  MEASURED  AND  CALCULATED 
REGESSIGN-EOR  CARBON  PHENOL fC 
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Mo  w.nal  differences  were  observed  between  thgunndel  *“  a“d  'h‘l 

tested  in  carbon  dioxide. 

IUbc  tee.  data  fon^mnde^ 

L-gnoned,  the  recession,  predic  lon^  Both- convective  and',  radiative 

reasonably-  .-Uith  the  measure r va  ues  .^Ov  ^ecO,e 
S,:“KfrS".0.™A  “>  ^b»'>  Observed- 

OveraH,  the  results  from 

heat  shield  requirements  defined  l“  Goievina  and  Khaustovich 

should.be  remembered,  ^^hemical  equilibrium  constants  (Reference  8) 
(Reference  T)  as  well  as  the  - carbon  dioxide-,  demonstrate -that:,  at 

for-  the  reactiomof  carbon  in  air  an^ is' greater  in  carbon 

least  under  some  circumstances,  ?nnn°K  Although  the  current  test 

dioxide  than,  in  air  at  — a^^^blem. . a larger- 
££  SLSTUSd  lede«loped  during,  future  phases  to  ensure  the  adequacy 
of- CP  in  a carbon  dioxide  environments 

The  ESM  design  cor  reUt  moused  "tltru  groJl^ 

trades  study  is  shown  in  Figu  • ^ ni  the  models  exhibited  lower 

results  for  eonvectiw  heatuig  • • corxelatien.  In- evaluating  the- 

recession  than  would  be  predic  y -derexi^  jf  radiative  heating  had 

abscissa-only  convective  heating  pm.  trades  study,  greater  positive 

been  included,  as  was-done  i ■ e i sy  ^ reSuit-indicate*  that  the  mass 

sa-fety  margin  * Tsignuicant- amount  of  the  radiative  heat- 

addition  from  the  ESM  is  bloc  King  the  system_trade  study, 

b"  more  than  adequate.  Recession  does  not  tppear-to 
be  affected  by  exposure  to  CS2. 

Reflects  Shield  Considerations 

in  the  thermal  pretention  system > M In 

“ thepxobewhere  teflon  is  not 

as  efficient  an  ablator  as  in  laminar  flow. 

The  purpose  of  this  study  was  to:  1) 

matron  on  the  teflon  versus  other  “bUtor  weigh  ■ > P balliatlc 

general  guidance  on  and  3) 

cot  fficient  to  increase  the  radta  tv  ° reflective  heat  shield 

identify  two  alternate  approaches  to  flight  testing  a 

material. 
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In  sunimar-y  it  is  demonstrated  that  1)  the  weight-pe-nalty  associated 
with  a-te£tan- heat  ^held  is  dependent  not  only  on  the  magnitude  of- the  con- 
ve-etive  heating  load  but  also  on  the  structural  heat  capacitance-  Figure  5.  4-40 
14  the  radiative  to- convective- heating-fraction  can-be  increarsed  if  the- probe 
nose  radios  and  ballistic  coefficient  can  be- increased  (Figure  5_4-4L)(  and 
3)-  fhe-minimum  weight  approach  to  flight  treating  a reflective  heat-shield 
material  is-probably  the  use  of  a teflon-plug  in  the  probe  stagnation  region 
and  an  alternate  approach-is  the  use  of_a  teflon  overlay  in  the  pro-be— stagna- 
tion region. 

Teflon  and  Charring  Ablative  Materials  Trades-  The  candidate 
materials  evaluated  have  included  teflon  and  the  charring  ablators  PN,  CP-, 
and  ESM.-  Teflon,  PH,  and  ESM  experience  large  amounts  of  mass  loss 
during  entry  and  require  a- very  small  amount  of  materia-l  for  structural 
insulation,  whereas  CP  has  much  less  material- remov"  1 and  requires  a 
large  amount  of  material  for  structural  insulation  (Figure  5.4-42). 

Several— parameter s dramatically  affect  the  relative  weight  compari- 
sons-between  teflon  and  the  charting  ablators  and  include  structural  heat 
capacity.,  nature-of  the  local  flow  (l.  e.  , lam-inar  or  turbulent^,,  and  the  rela- 
tive magnitudes  of  the  radiative  and  convective- heating  loads.  The  impact 
ol  the- structural  heat  capacitance  is  illustrated  ir.  Figure  5.4-40,  where  it 
is  seen  that  utilization  of  the  structure  heat  capacity  has  the- greatest  impact- 
on  reducing  the  CP  requirements  and -lesser  effects  on_teflon  and  PN.  If 
can  also  be  seen  that  by-ignoring  the  structural  heat  capacity  and_aoting  than 
the  small  probe  heat  shield  weight  is  governed  primarily  by  the  turbulent 
skirt,  the  teflon  is  weight  competitive  with  the  CP  at  low  heat  |»a.js t but  is 
still  heavier  than  the  PN.-  

By  increasing  the-probe  nose  radius  and  ballistic  coefficient,  the 
peak  value  of  radiative  heat  transfer  increases  significantly.  The  combina- 
tion of  Rn  and  P that  generate  radiative  heat  transfer  rates  at  the  limit  of 
NASA  Ames  test  capability  are  iliustrated-in  Figure  5.4-43.  These  limits 
are  superimposed  on  Figure  5..4-41  to  show  the  maximum  value  of  radiative 
to  convective  heating  load  ratio  obtainable-te  maintain  the  peak  radiative  heat 
transfer  rates  within  current  test  capability.  Violation  o-f  this  limit  by  a 
factor  of  1.  5 tc  Z on  maximum  radiati/e  heat  transfer  rates  is  probably 
acceptable.  The  resultant  trends  on  RN  and  p effects  are  equally  applicable 
to  any  reflective  heat  shield- material. 

Configurations  for  Increasing  Radiative  to  Convective  Heating 
F faction.  Several  other  configurations  offer  the  potential  for  increasing  the 
probe  nose  radius.  These  inc-Ludo  an  Apollo  shape,  a sphere,  or  a Discoveror 
configuration.  The  hypersonic  drag  coefficients  or  these  configurations  are 
1.5,  1 . 05,  and  0.  7 respectively,  compared  to  a value  of  1.05  for  the  baseline 
configuration.  Hence,  Discoverer  represents  possibly  the  only  configuration 
with  a large  ballistic  coefficient,  assuming  to  the  first  order  that  weight  and 
base  diameter  remains  constant  between  the  configurations.  Both  the  Apollo 
shape  and  sphere  exhibit  tendencies  toward  decreasing  hypersonic  stability 
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W-ht-n  combined— with  the— science  payload.  Tho  Discoveror  configuration 
re-pre-sents- a— stable^— wf-ll  characterised— aerodynamic  shape-,  with  a large 
data -band'-oi.  aerodynamic  coefficients  available,  'file-current  baseline 
design,  a sphere  cone-with  45  deg.  haif  cone  angleT  represents  a state  ofthe-art 

vehicle- that  will  meet  the  overal-i  mission-objectives,  but-W-ill  provide  a 

flight  test  en  a reflective  heat  shield  of  limited  meaning , since  it  deveLops 
sueh-a  low  ratio  of  radiative  to  convective  heating  (Figure  5.4-41).  The 
radiative  to  convective  heating  fraction  can  be  increased  significantly  by 

employing  the  Discoveror  configuration  with  hypersonic  ballistic  coefficient 

in  the  1-20  to  150  tcg/ni  (25  to  50  psf)  range  and  a nose  radius  approaching 
30  cm.  This  would  increase  the  radiative  to  convective  heat  load  ratio 
from  0.  17  to  about  0.  6 (Figure  5.  4-41). 

A1fterliativg  APProaches  to- Flight  Testing  Reflective  Heat  Shield  on 
Baseline  Configuration.  concept  similar  to  that  previously  employed,  suc- 
cessfully on  high  performance  earth  entry  vehicles  could  be  employed  to 
minimize  the  heat  shield  weight  penalty  associated  with  the  teflon  in  turbu- 
lent flow  on  the  vehicle  skirt.  This  concept  would  employ  a full  charring 
ablator  heat  shield  over  the  pro-be  nose  cpvered  with  a-teften  overlay. 
Thermocouples  installed  at  the  teflon/charring  ablator  interface  would  give- 
a clear  indication  of  teflon  removal.  The  teflon-would  be  sized  to  be  totaliy- 
reincved-^ust  after  peak  heating. 

An  alternate  te-chnique  t-hat  lias  been  empioyed  successfully  on  high- 
performance  earth  entry  vehicles  as  antenna  windows  woe  Id  utilize  a-plug_of 
teflon  in  the  probe-stagnation  region.  The  ablation  rates  of  these  materials 
are— consider  ably  different  so  that  the  effects— of  having  a forwar&or  aft-fac- 
ing step  would  have  to  be  further  evaluated. 

Bond-  Se lection - 

Selection-of  the  bond  attaching  the  heat  shield  to  the  aeroshell  struc- 
ture is  one  of  the  main  factors  in  sizing  the  beat  shield  thickness.  Early  in 
the  study  it  became  obvious  that  peak  structural  loads  were  encountered 
before  the  backface  temperature  response  would  result  in  any  decrease  in 
the  material  strength.  As  a result  the  aluminum  structure  temperature  on 
the  large  probe  would  be  allowed  to  reach  600  “K  prior  to  deployment  of  the 
chute  while  structures  of  titanium  and  beryllium  would  be  allowed  to  reach 
much  higher  temperatures. 

The  limiting  criteria  with  regard  to  backface  temperature  then 
appeared  to  be  the  bond.  Several  high  temperature  bond  mate-rials  were  con- 
sidered as  po'entiai  candidates  namely  RTV  560,  RTV  630,  or  primed  RTV 
560,  which  is  designated  PD  200,  The  latter  is  presently  available  in  two 
density  levels  - 520  kg/m3  (32  lbs/ft3),  designated  PD  200-32  and 
260  kg/m3  (16  lbs/ft3),  designated  PD  200-16. 

RTV  560  although  exhibiting  some  desirable  characteristics  was 
eliminated  because  of  the  need  for  venting  and  supplying  a controlled  relative 
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humidity  during  the  curing  process.  It  was  Celt- that— the-  shimming  required 
to  provide  venting. for  sued  a large  diameter  shield  would  result  in  an 
unnecessarily^  cumber  some  manufacturing  process. 

j.re  requirements  of  the  bond  are  different,  depending  on  whether  - 
one  considers  PN  or  CP  as  tire  heat  shield  material.  In  the  case  of  PN, 
the  bond  requirement  is  based  upon  orbital  cold- soak  capability.  PD  200-32 
was  found  to-be  the  optimum  bond  material  for  PN,-  since  itqrovided  the 
greatest- cold  soak  capa-biUty,  and  although-its  strength  characteristics  are 
lower  at  elevated-temperatures  than  RTV  630  no  high  strength  characteris- 
tics were  required  during  tins  period  when  considering  PN. 

However,  CP  although  not  subject  to  a cotd  soak  problem  during 
orbit- will  undergo  considerable  thermal  stress  during  the  cool  down  period 
after  entry.  As  a result  RTV  630  was  selected  as  the  bond  material  with 
carbon  phenolic  because  of_its  high  strength  at  elevated  temperature 
capability. 

Analysis- of  Phenolic  Nylon  Cold- Soak 

A postcufed  PN  heat' shield  bonded  to  the  aeroshell  structure  with  a 
room  temperature  curing  adhesive  system  was  analyzed  to  determine-the 
mechanical  per formance-of  the  composite  under  minimum  cold- soak  temper- 
ature -expose re-  The- postcured  PN  exhibits  the  stable  mac-hanicaFproperties 
necessary  to  survive  the  anticipated  Pioneer  Menus  flight  environment.  The 
postcured  PN  has  negligible  shrink  under  both  vacuum  and  elevated  tempera- 
ture exposure  up  to  the  postcure  temperature.  This  means  that  residual 
stresses  or  strains  due  to  fabrication  or  aging  can  be  safely  ignored  when 
the  heat  shield  is  bonded  to  a structure  using  a room  temperature  curing 
bond  system.  Therefore,  room  temperature  becomes  the  zero  stress/- 
strain  reference  point  for  the  thermal  stress  analysis-  The  results  of  the 
analysis  indicate  that  the  large  probe  postcured  PN  heat,  shield  bonded  with 
R-TV-560  to  the  aluminum  aeroshell  will  survive  to  164  °K  (-164"'F)  using  a 
0.  10  cm  (0.  040  in.  ) bond  thickness  cured  at  room  temperature.  The  mini- 
mum predicted  temperature  on  the  shield  is  225  CK  (-50°F). 

The  small  probe  baseline  configuration  which  is  a postcured  PN  heat 
shield  bonded  with  RTV-560  to  a titanium  aerosheU-wiii  survive  200  °K 
(-100  F)  with-a  0.  150  cm  (0.  060  in)  bond  thickness  cured  at  room  tempera— 
ture.  Increasing  the  RTV- 560  bond  thickness  to  0.  25  cm  (0.  100  in)  (an 
additional  0.  5 kg  [(1-05  15)}  total  weight  increase)  would  permit  the  phenolic 
nylon  heat,  shield  and  titanium  aeroshell  small  probe  to  survive  to  a tempera- 
ture of  172°H  (-  150°F). 

The  use  of  PD  200  foam  pad  bonded  to  both  the  heat  shield  and  the 
aeroshell  was  also  investigated.  The  results  of  this  study  indicate  that  using 
a PD  200  pad  at  505  kg/m3  (32  lb/ft3)  with  two  0.  0125  cm  (0.  005  in.  ) 

RTV- 560  bond  interfaces  would  result  in  a 7 percent  weight  increase  over 
0.  1 cm  (0.04  in.)  RTV-56Q  bond  system  since  the  minimum  PD  200  pad 
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can  T°Xmiat?S  ?*  25  cm  <°*  090  in-  >•  However,  a -weight-saving 

S/o  -ttr!  ylSm^.PD  200  Pad  °n  the  b-yHium  aeroshell  cor^g7Z 
(-10jS°F)!  P {°r  mmtmum  desi&n  temperatures  lower  than  200-°K 

inriiP>t^the  Sn'aU  Pr^  With  a beryllLun)  aerosheit,  no  weight  saving  is 

(0  5 lb)  and  08°758ke°(t  ukf  pad;  however>  weight  «avings  of  (h  25  kg 

it  200-^Sb'F)  Ld ^ n^Ka(rei5°0“Frd  th!  RTV'5b0  bond  system 

*•  , U *'  and.  . H ( -150  F)  mmimum  design  temperatures 

respectively,  with  a- titanium  aeroshell  on  the  small  probe. 

„ HTV-560  is  the  structurally  optimum  bond  system  for  both  of  thP 

Pioneer  Venus-probes  for-temper atures  to  172°K  (-150°F)  because  of 

(^!b‘rftr3!ednSil%and  SHear  atre"gth-  However,  PB  200  at  520  k“/»3 
ildirVn  Ld<  r!  J 18  struLcturallV  ^equate  for  utilisation,  on  both,  probes  in 
cihtate  assembly  of  the  phenolic  nylon  to  the  aeroshell. 

Effects  of  Space  Environment  Upon  Carbon  Phenolic  Heat  Shields 

The  space  environment,  as  far  as  material  behavior  is  concerned 

1 0 J5  !rCrT1Slde;ed  !°|be  f combkiatiori  of  high  vacuum  (Ux  10-3  N/m^or 

r.  . j moderately  e-levated  temperature- (up  to  100  °C)  andante nse 

ultraviolet  radiation,  plus  some  ionic  bombardment. 

The  combined  effects  of  heating,  to  moderate  temperatures  and  hiuh 
vacuum  °n  cross  - linked-polymeric  materials  result  a.ua»J  5 rVm“tl^5 
low  molecular  weight  constituents  suctvas  water  and  unrelated  res^TuV 
components.  Sincer  in  a well  cured  composite  system  such  as  I pr  laminar 
these  entities  comprise  only  a small  fraction  of  the  total  system  weigh? 

£ ■"*  f0mMrr,8'‘re,t0  th'  he‘“ed  ««•»<  —onn.eni  .’ay Z 'exptlted  to 
be  small.  Mechanical  properties  of  the  laminate  may  be  expec  ted  to  chin 

r\miet  tbeSe  conditions,  with  the  ultimate  result  being  a gradual 

or  the  reinvent  p'red^i ^ £‘ 

A number  of  surveys  have  been  published-  in  which  the  effect  of  the 
anrfCfnfnVir°nm!intu0n  materiak  was  evaluated.  Jaffe,  et  ai  (Reference  9 
a?d  l°  8LT/e7eu  thC  behavior  of  Plastics  in  vacuum  at  high  temperatures 
laatt  l rr'  po'ynner.  as  stabie  the  vafl,„T,p“« a.' 

?uUCr  wIiBhtUT  tnd  hCat  °n  Pr°PertieG  °f  materials  containing  low  mole- 
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To  conclude  therefore,  phenolic  carbon  laminate,  would  be  'XF^Pted 
**■  inn°r  fnr  lo.ne  uenods  of  t-inie  with  little 

to  survive-  exposure  to  vacuum  at  100^^1  gv^  .fj  wen  curecL 

^hTfl'^o"  iMr^S^ment  may  be  ^damaging  thamcom parable 
oxXive  deterioration  would  no,  be  a factor. 

Ultraviolet  radiation  under  vacuum  condition,  tends  to  cause  depoly- 
meriration  of  aimple  polymers 

^i^tam«r-U.ng  the  damage  from  ultraviolet  exposure  to 
the  surface. 

ionic  bombardment  mtl^’cu"' and’iU  iSS 

Le'.rt^hfrg^pectel  PhenoUc  resins  are  „uite  stable  under  these 
conditions. 

Carbon  fiber  is  relatively  unaffected  by  either  ultraviolet  or  lorn  . 
bombardment. 


Tape  Wrapped  Carbon  Phenolic  Heat  Shields 


Since  the  introduction  of  rs 

reentry  vehicles,  emphasis  has  been  p hieh  char- yield  upon  expo- 

and  composites  that  combine  such  prope  d fabricabilifey.  When 

sure  to  heat,  relatively  low  therm  a1  conduct  polymeric 

combined  w-ith  refractory- fibers  to  give  the  t ^ molecular  weight 

matrix  must  provide  mechanical  support  as  welL  as  the  low  m 

gases  generated  during  the  ablatiye  processes. 

■pVifrne Lie  resins  have  been  used  extensively  as  resinous  binders  in 
, rronH  thermal  stability  and  mechanical  properties  are 

appUcattona where  Sn^Xn^Uc  resins  currently  employed  to  make  PC 

h^tld^re  base  catalyzed,  single  ™ T.* 

“T  f Kof ' ‘Ve ^b°yX  addUion  of  anlmmonia 
mol  of  phenol,  ine  reaction  , y , ...  t-h  desired  amount  of  reac- 

type  chemical,  and  the ^mixtur; it. .heated  un»l  the  des.red  ^ ^ 

tion  has  taken  place;  at  which  point,  the  resin  \ 

application  to  the  carbon  fabric. 

appruklrr1  ^partusnt  ^Far^  vie  1^  '^rn^eatH^', 

"fb^oTd^tVt^tVenVor  5 to  8 percent  is  adied  to  the  resin  solution. 

Carbon  fabric  is  the  reinforcement  most  widely  used  in  the  *"*»»- 

Sm^from V^!»Vr  ^ as 
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xanthate  rayon  or  viscose  rayon)  that  is  pyrotyzed  in  a neutral  atmosphere 
to  produce- a fabric  having  the  following  properties: 


Carbon  assay  weight,  percents 
Specific  gravity  a L-Z5CQ — 
Weight 

Fiber  diameter 
Thread  count 


94  to  98 
1.  8 te  1.9 

0.  24  to  0.  30  kg/m^  to 

7.  0 to  9.  0 oz-/yd^ 

8.  9 to  II  p (0.  00035  to  0.  00045  in.  ) 


W arp 


2.  0 to  2.  4 picks /mm 
(50  to  60  picks /in.  ) 


Fill 


1.  8 to  2.  2 picks/mm 
(45  to  55  picks  /in.  ) 


Filaments  per  Yarn  — nominal  720 

Weave  Eight  harness  satin 


Depending  on  the  pyrolysis  temperature,  the  carbon  content  can  be 
varied  within  limits  of  85  to  98  percent  to  give  fibrous  materials  having 
lower  or  higher  thermal  conductivity  characteristics.  The  fabric  used  in 
heat  shields  was  selected  as  a compromise  between  thermal  conductivity 
and  carbon  content  to  provide  a material  having  adequate  mechanical  prop- 
erties and  insulation  capabilities. 

Prepreg  material  is  prepared  by  coating  and  impregnating  the  carbon 
fabric  with  the  filled  phenolic  resin  solution,  then  removing  enough  solvent 
under  controlled  conditions  to  yield  a readily  processable  material.  Typical 
prepreg  contains  60  to  65  percent  carbon  fabric  by  weight,  while  the  rest  is 
resin  and  volatile  material. 


Fabrication  Techniques.  In  view  of  the  stringent  requirements 
imposed"  upon  heat  shield  materials,  caused  by  the  high  temperature,  high 
shear  force  environment  to  which  they  are  subjected,  it  is  necessary  to  con- 
trol the  orientation  of  the  reinforcement  in  such  a way  that  part  of  the  fiber 
or  fabric  is  locked  into  the  subsurface  of  the  shield,  while  the  outer  portion 
is  ablating.  Several  fabrication  techniques  have  been  used  to  prepare 
ablative  composites,  the  most  common  being  molded  chopped  squares  (or 
fibers),  rosette  pattern  layup,  and  tape  wrapping. 

Molded  chopped  squares  (or  fibers).  In  this  process,  prepregged 
fabric  iT  chopped  into  squares  approximately  one  inch  on  a side.  Alterna- 
tively, chopped  impregnated  roving  can  be  used.  A heat  shield  or  other 
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shape— is  then-prepared  by  placing  preforms  of  the  molding  compound  in -a, 
matched  roetal~mold  ancT-forming  to  final-shape  by  means  of  heat  and  pres- 
sure. The  composite  thus-made  has  mechanical  properties  that  are 
govennedcto  a certain  degree  by  the  ability  of  the  molding  process  to  confer 
a preferred  orientation  on  the  reinforcement. Surface  recession  character- 

istics are  unpredictabie-because  of-the  randomness  of  the-or  ientation  of  the- 
carbon  fibers.  - 

Rosette  pattern  layup.  This  process  utilizes  a layup  technique  to- 
produce  a low  angle  spiral  wrap  composite.  The  layup  can  be  made  on 
either  a male  or  a female  form;  but  the  us-ual  practice,  in  ordeF-to  avoid 
wrinkles,  is  to  use  a female  form.  Relatively  large  sheets  of  prepreg  are 
cut  into  the  form  of  trapezoids  (assuming  that  a frustum  is  to  be  made-)  and 
laid  up  on  the  interior  of  the  mold  so  that  each  sheet  forms  a continuous 
path  from-the  outer  surface  of  the  form  to  the  mold.  The  following  diagram 
shows  an  end  view  of  the  ply  orientation  of  the  material  as  molded: 


This  is  a simplified  view- showing 
the  ply  path.  In  actual  practice, 

the  plies  are  placed-closer  

together. 


Goring  i6  accomplished-  by  vacuum  bag  autoclave  techniques-  The 
part  thus  formed'has  excellent  thermophysica-l  and  mechanics  ^properties  r 
approaching  those  of  a flat  laminate.  This  layup  pattern  was  originally 
selected  for  use  in  a high  performance  reentry  vehicle,  but  the  first  test 
flights  showed  that  the  edges  of  the  plies  exposed  to  the  airstream  upon 
reentry  acted  like  tiny  fins,  imparting  an  unacceptable  rapid  spin  to  the 
vehicle.  Accordingly,  the  final  selection  of  the  CP-heat  shield  material 
was  made  based  on  the  factors  previously  discussed  — resulting  in  a tape 
wrapped  shield. 

Tape  wrapping  carbon  phenolic  shields.  When  this  technique  is  used, 
the  uncured  CP  prepfeg  tape  is  wrapped  at  an  angle  around  a mandrel  such 
that  the  inner  edge  of  the  tape  forms  the  inner  surface  of  the  thermal  shield 
while  the  outer  edge  of  the  tape  forms  the  ablating  surface.  The  most  com- 
mon angle  of  wrap  far  reentry  vehicle  thermal  shields  is  a 20  deg  (to  the 
ablating  surface)  wrap  shingled  aft-.  The  angle  of  wrap  can  be  varied  from 
parallel-to-the- axis  of  rotation  to  almost  90  deg  to  the  axis  of  rotation 
dependent  on  the  reinforcement  weave  and  the  wall  thickness  requirement. 

Once  the  carbon  fabric  has  been  impregnated  and  "B"  staged  to  the 
proper  flow  and  volatile  content,  it  is  processed  into  tape  in  the  following 
manner. 


5-158 


Rationale  far  Tape— Orientation  and  Lap  Control.  Since  bias  oriented- 
CE-fcape-ca5T  be  applied- to-a  naandreLat  a^wdde-variety  "o£-ang alar  orientations, 
the  selection  of  the  20  deg  to- the  surface  as  the  proper -orientation-deserved 
some-  review.  It  was  mentioned- in  the  preceding  paragraphs  that  the  tape 
wrapping  process  can-produce  almost  any  des-ired  orientation  from  Qrio 
90-deg_to  the-mandrel  surface^  From  a mechanicaLpxoperty  point  of-view, 
maximum  axial  tensile-propenties  and  e Longatio-n  to  failure  are  achieved  at 
a low  angle  wrap.  Thermal  conductivity  appears- to  be  little  affected  by 
orientations  between  0 and  20  deg.  At  higher -angles,  an  increase  in  thermal 
conductivity  can  be  expected. 

Ablation  characteristics  deteriorate  at  lew  orientation  angles.  A 
0 deg  angle  laminate  tends  to  lose  plies  by  peeling,  and  angles  up  to  about 
15  deg  expose  a large-edge  area  to  the  heat  flux,  causing,  exces sive  resin 
degradation.  Ply  angles  between  15  and- 25  deg  were  found  to  have  an  opti- 
mum balance  between  ablation  and  conductivity  characteristics,  and  20- deg 
was  chosen  for  the  production  wrap  angle  because  of  prior  experience  on 
the  Marie  12-program. 

In  summary,  the  selection-oi  a 20  deg  bias  tape  wrapped  heat- shield 
was-based  on  a compromise  between  mechanical,  ablative,  and  thermo- 
physical requirements.  Ia-addition, -there  is  an  existence^a-large  data  bank 
of  experimental  and  analytical  characteristics  on  the  mate-rial-whireh  can  be 
applied  to-Pioneer  Venus  pre*grarrvs. 

Details  of  the  1 ape  Wrapping  Process,  A tape- wrapping  machine, 
such  as  the  Edwards  "Wrap-Master”,  is  not  unlike  a highly  specialized 
lathe.  It  is  designed  to-rotate  a heavy  mandrel  while  simultaneously  moving 
an  application  head  under  relatively  large  lateral  loads. 

Mandrel  design.  The  mandrel  on  which  the  tape  wrapped  form  takes 
shape,  while  simple  in  appearance,  must  be  designed  so  that  the  forces 
imposed  upon  it  by  the  tape  application  head  to  not  distort  the  surface  or 
move  the  assembly  out  of  alignment.  The  mandrel  is  usually  a casting  that 
is  machined  to  shape  and  equipped  with  a sturdy  shaft,  as  shown  in  Fig- 
ure-5. 4-44.  Since  the  tape  application  head  will  press  upon  the  surface  of 
the  mandrel  at  an  angle  of  65  deg,  the  horizontal  component  of  force  will  be 
large,  and  the  mandrel  must  be  designed  with  adequate  backup  material,  as 
shown.  In  this  design,  the  20  deg  ramp  is  an  integral  part  of  the  mandrel. 

In  order  to  assure  easy  removal  of  the  cured  heat  shield,  the  mandrel  is 
either  coated  with  teflon  or  a silicone  mold  release  prior  to  the-wrapping 
operation. 

Tape  application  head.  The  bias  tape  is  applied  to  the  mandrel  by 
means  of  a "specialized  roller  application  head  that  simultaneously  advances 
along  the  axis  of  the  mandrel  as  each  layer  is  laid  down,  applies  pressure 
to  consolidate  the  tape,  heats  the  tape  just  prior  to  contact  with  the  pre- 
viously applied  layer,  and  cools  it  just  after  Laydown,  thus  freezing  the  tape 
into  position. 


5-159 


mw 


C3 

ro 

vC 

c 


FIGURE-6.4-44.  SCHEMATIC  DIAGRAM  OF  TAPE  WRAPPING  MANDRELWITH 
BUILT-IN  20  DEG  RAMP 
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This  series  of  operations  is  shown  s chematieally  in  Figure  5.4-45. 

By  proper  eontrol  of  all  the-ae  parameters,  it  is  possible  to  tape  wrap  a 
form-to  90  to- 95  percent  of  final  cured  density. 

Nose  tip  and  heat-shleLd  design.  Figure  5.  4-46  is  a cross  sectional 
diagram  of  a proposed  design  for  the  assembly  of  the  molded- nose  cap  and 
tape  wrapped  skirt  to  the  structural  shell-  In  this  design  the  structural  shetl 
is-made  in  two  parts  — the  nose  cap  and  the  skirt.  The  ablative  parts  are 
bonded  to  the  structural  components  with  a hard  (RTV  630)  bond,  and 
the  assembly  is  made  as  shown  in  the  figure. 

Nose  Tip  Fabrication.  Since  the  heat-shield  skirt  will  be  fabricated 
by  means  of  a tape-wrapping  process,  an  opening  will  be  left  in  the  center 
of- the  shield.  The  size  of  this  hole  wili  be  determined  by  the  mandrel  shaft 
diameter  and  the  nose  radius.  It  will  be  necessary,  therefore,  to  close  this 
opening  with  an  appropriately  designed  nose  tip. 

The  simplest  approach  would  be  to  fabricate  a-piece  molded  from 
chopped  squares  of  re-sin  impregnated  carbon  cloth.  The  nose  can  either  be 
molded  precisely  to  shape,  or  it  can  be  machined  from  a molded  billet— 
While  a precision  molding  may  be  desirable  from  an  esthetic  point  of  view, 
it  offers  two  disadvantages  (besides  the  obvious  ones  of  high  cost  and  limited 
versatility): 

1)  The  chopped  squares  tend- to  orient  thfirnseLves-par  ailef  to 

the- mold  face.  Consequently,  a- piece  molded  to  shape  would 
have  a disproportionately  large  number  of  fabric  squares  that 
are  poorly  oriented  with  regard  to  erosion  resistance. 


Orientation  tendency  in 
molded-to  - shape  piece 


Orientation  tendency  in  piece 
machined  from  molded  billet 


2)  Prepreg  variability  would  become  a critical  factor  in  a 
precision  molding  operation. 

Heat-Shield  Baseline  — Thor/Delta 


Large  Probe 

The  basic  shape  is  a sphere-cone  with  a spherical  nose  radius  of 
29.  2 cm  and  a half  cone  angle  of  55  deg  continuing  to  the  base  diameter  of 
116.  8 cm.  The  heaf  shield  is  formed  of  PN.  which  is  bonded  to  the 
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FIGURE  5.4*45.  BIAS  TARE  APPLICATION  TO  MANDREL  SCHEMATIC 
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bervlUum  ae-roshell  structure  using  an  PD-2ilO  bond  systtHTi  designed  to 
permit  cold  soak  to  -73°C  (••  100°F).  Phenolic  nyLin  is  selected  primarily 
be-cause  it  requires  the  lowest  weight-of  all  materials  that  satisf>L-the  low 
cost  criterion;  Low  v/eighubeing  critical  £er  the  Ihor/Delta  mission. 

Phenolic  nylon  is  a moderately  high  density,  tow  conductivity-material,  which 
decomposes  into  a char  layer  as  it  is  heated-.  In_Lhe  aerodynamic  environ- 
ment expected  in  this  mission,  most  of  the  c4iar  layer  will  be  scrubbed  trom 
the- vehicle  as  it  is  formed,  and-the  material  acts  primarily  as  an  ablative 
heat  shield.  Average  shield  thickness  along  the  conical  frustum  is  0.  7 cm. 
of  which  90  percent  is  removed  in  the  ablation  process. 

ALL  external  surfaces  of  the  afterbody  are  protected  by  a Low  density, 
chemically- foamed  silicone  elastomer  (ESM),  approximate Ly.O.  3 cm  thick. 
The  material  remains  rf  transparent  as  it  is  heated. 

The  forebody  heat  shield  thickness  and  afterbody  protection  are 
designed  to  Limit  the  backface  temperature  to  <589,’K_t600  °F)  during  entry. 

The  total  he?t  shield  weight  is  12.  0 kg. 

Small  Probe 

The-heat  shield  for  the  small  probe  has  also  a sphere-cone  shape, 
but  the  half  cone-angle  is  45  deg.  The  spherical  nose- radius  is  15.  2-cm 
and  the  base  diameter.  61.  0- cm,  giv-ing.  a nose  radius’to  base-radius  ra.tio  o-f 
0,  5,  as  with  the  large  probe.  The  heat  shield-material,  bond,  and  substruc- 
ture are  the  same  as  for  the- Large  probe_L-e.  , PN"  for  the  forebody,  ESM 
far  the  afterbody,  and  an  PD—200  bond  system. 

The  heat  shield  is  designed  to- Limit  the  backface  temperatures  to 
< 589  °K  (600  °F)  during  the  entry.  The  total  heat  shield  weight  is  4.  6 kg. 

Heat  Shield  Baseline  - AtLasV  Centaur 

Large  Probe 

The  basic  configuration  for  the  large  probe  for  Atlas /Centaur  is  a 
sphere-cone  with  a 45  deg  halt  cone  angle  and  a nose  radius  one  half  the 
base  radius.  The  base- diameter  is  139.7  cm. 

The- fore  body  heat  shield  material  selected  for  this  mission  is  CP. 
This  is  a high  density  material  that  forms  a very  stable,  refractory  char  as 
it  is  heated.  Next  to  PN,  it  is  the  lightest  of  the  materials  that  are  com- 
patible with  a low  cost  mission;  furthermore,  it  has  the  least  mass  loss  (by 
a large  margin)  of  any  of  the  materials  considered.  Since  weight  is  not  the 
primary  issue  in  the  Atlas / Centaur  mission,  and  its  cost  is  comparable  with 
PN,  CP  was  chosen  because  it  permitted  a much  more  predictable- probe 
mass  history  during  entry.  This  in  turn  leads  to  significantly  greater  accu- 
racy in- the  atmosphere  reconstruction  experiment. 


i 
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tanrtr * ^ .lT^l‘;-4,hu-,W  thickness  averages  £>.28  cm  along  the  conical  frustum 

tapering  te  L 09  cm  at-fche-nose.-  ThisHhickness  includes  a 50  percent  mar- 
gin., chose  mm  order  to  provide  a-v&ry  safe  de*igm_  ther-^bv  re  due  inc_the 
requirement  for  developmental  testing  and-hcnce-tbe  program  cost.  The 
heat  shield  ta  bonded  to-an  aluminum,  aeroshell  structure- a sine  a-bond 

aim  liar- to  that  deserib&d  in  the-  Thor-LDelta-deeign,  RTV  63Q--  The-largcc- 

probe  afterbody  is  protected  by  a 0.  3 cm  thick-layer  of  elastomer  ( ESM h 

The  fore  body  heat-shield  thickness  and-afterbody  protection  are  — 
designed  to  limit  the-  back  face  temperatures  to  <-589  °K-4600  'El  durine 
eritry—  The  total  heat  shield  weight-ia  3 5_5-kg_  k 

Smalt  Probe 

. ..  The  small  probe  heai  shield. has  a sphere-cone  shape  geometrically 

ald'th'  h if^  °f  the.lar§e  probe;  its-nose  radius- Is  one-half  the  base  radius 
and  the  half  cone  angle  is  45  deg.  The  nose  radius  is  16-7  cm  and  base 
diameter  67.  3 cm. 

The  heat  shield  forebody  material  iimCP,  the  same  as  for  the  large 
probe,  but  with  skghtly-different  thickness.  The-thiekness  varies  from  S 

mattr iTl  > ^V°  P 39  Cm  atthe  nose  stai*ation  point.  Afterbody 

matenaliE^M)  and-  bonding  method  and  material  are  the  same  as-for  the 

sta^^l  ,Hc^®vei:'  ^ fub^ructure  to  which  the  shield  is  bonded  is  of 
starless  steel  rathe-r— than  a.iu*nmum, 

*hi*ldi*  designed  to  limit  the  backface- temperature  to 
v 589-  K (60d  F)  during  entry.  The  total  heat  shield  weight  is  10  kg. 
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5.  5 PARACHUTE 


The  pressure  vessel  module  is  extraeted-fr om  the  aeroshell  and 
s4owed-dun.ng.  the  initial-  phases  of  Us  descent  byuthe  parachute-subsystem 

a^°tK^Seili!ne  rystf?8  ^Ve  been  defined’  one- lor  the- Thor/Ueit*  mission, 
and-the  other  for  AtLas/ Centaur _ They  differ  in-dimensions  and  in  their 
operational-altitude  range,  but  both  systems  have  the  same  conceptrand 
eq-ience:  A mortar-depLoyed  pilot  chute  is  ejected  at  about  Mach-0.  8.  The 

After-Ca' **  aerosheU  ^ cover  and  deploys  the  main  parachute. 
After  a time  delay  for  system  stabilization,  the  bolts  attaching  pressure 

essei  to  aeroshell  are  released  and  separation  is  effected.  The  parachute 
regains  attached  to  the  pressure  vessel  module  until  a predetermined  lower 
altitude  is  reached,  at  which  it  is  jettisoned.  This  sequence  is  illustrated  in 


band  inrrn  Pll°f  1S  a corneal  ribbon  parachute,  and  the  mairris  a disc-gap- 
bana  (DGB)  conHguration  in  both  the  Thor/Delta  and  Atlas /Centaur  designs. 

4 8 m V Pll0t  diam.6ter  is  tbe  Same*  while  the  parachute  is 

4.  6 m (15  ft)  in.  diameter.  In  the  Thor/Delta  mission,  the  subsystem  is 

AU^Vr  aJ  about.69.km*  and-chute  jettison- occurs  at  55  km,  while  for  the 
AtUs/Centaur-mis sion, ..the  subsystem  is  initiated  at  about'67  km,  and  chute 
jettison  occurs  at-AO  km. 

Requirements 

, . *•  The:Pai'achute  system  must-be  designed  to  meet-two  basic  mission 

m Edition  to  the  pressure-vessel  separation  function;  namely,  to 
^ f velocity  prior  to  entry  into  the  cloud  layer,  and  to  provide 

suitably  configured  descending  vehicl-e  to  meet -scientific  data  collecting 

° ^ terminal  descent.  Parachute  system  design  requirements 
to  m-eet  these  objectives  are  as  follows: 


1)  State-of-the-art  parachute  hardware  and  techniques  are  used 

2)  The  system  is  designed  for  maximum  simplicity,  using  the 
minimum  number  of  staging  and  separation  events  to  accomplish 
the  retardation  function 

3)  The  parachutes  are  designed  for  the  subsonic  deployment  environ 
ment  established  by  nominal  entry  conditions  of: 

I^r/D.ella  Atlas  /Centaur 

\ ~ 41  deg  (down  from  horizontal)  31  deg  (dfh) 

VE  * 1 1,  1 56  m/sec  (36,  605  ft/sec)  1 1 . 6 km  (37,  030  ft/ sec) 

4)  Trajectory  computations  and  loads  are  based  on  the  Venus 

September  1972"  atmospheric  profile. 
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5) 

6) 
7) 


The  system  is_£ully  deployed  .it  a minimum  altitude  of  66  km 
above  the  planet  surface. 


The  main  parachute  canopy  is  selected  for 
stability  during  final  descent  through- data 


maximum  steady  state 
collecting  regime. 


The  main  parachute  ia-capable  of  descending  with  the  payload 
to  within  40  km  of  the  planet  surface. 


Trades  / Studies 

t •“?£.»  r 2i^ris:.r£s!r  jar 

were  perlormed  mainly  lor  tne  ..  „vprits  deployment  sensi- 

ti^1^ to'sy s tern s^ar araeter's ^ and  coupled  parachute  probe  motion  similation. 

Pilot  Parachute  Sizing, 

Sizing  criteria  for. pUo, t P««h»««  »#-« 

irom  the  mli’n  cfute  c^opy.  At\o.  the  *■*«»£“* 
be  minimized  to  limit  both  the  size  of  the  pilot  “ °hu"  ts ‘ ejected, 

reaction  load,  induced  into  the  vehicle  at  the  time  the  c f() 

These  requirements  are  satisfied  by  a minimum  Size.  Do  --  0.84m  U.  7S  «; I. 
conical  ribbon-chute.  The  mortar  length  reared _for  it  i pack • 

460.-3-CC  satisfied  the  minimum  space  (14.0  cm  le^g  i F 

for  mounting. 

Bcceleratcr  devices  operating  in  the  '’ehie le  i'V*^a^h*^ e'of  the 
degraded  performance  depending  on  the  tr ■ *££££  more-pronounced 
decelerator  relative  to  the  vehicle.  Th. nV.a~.  f"Th«  recommended 
with  small  diameter  deceler ators.  r or  instance,  mr 
system  the  initial  force  generated  by  the  pilot  at  deployment  is * 276 

history  of  the  pilot  ‘TIhoulV beToted  S t aft 

cove^weight qn\hi s^ana'lysls^hicludes  the  weigh,  o£  the  mam  parachute  and 

", 

time  within  the  above  constraints. 

Main  Parachute  Sifting 

The  main  parachute  has  two  functions:  pressure  vessel  •«£«““ 

maai„  chute  dia.ne.er  ,Do. 
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FIGURE  5.5-1.  PARACHUTE  SEQUENCE 
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of  approximately  3 m would  provide  the  optimum  descent-velocity  for  a 
minimum  weight  system-  A separation— a-naiysis-on  the  other  hand  indicatod 
that  the  minimum  diameter  for  neutral  stability-,.  i.  e_,  the  diameter  at-which 
the-net  separation  foiuui-is  zero,  is  slightly  larger,  about  3.  1 m.  Conse- 
quently, the  diameter  choice  is  taken  solely  on  separation-requirements,  and 
is  3.  51  m (11,5  ft).  This  provides  50  percent  more  drag  area  than -needed 
for  neutral  stability. 

Figures  5.  5-3  and  5.5-4  present  the  separation  time  histories  of  the 
aeroshell  from  the  pressure  vessel  main  parachute  combination  using  the- 
baseline  3.  5 km-chute.  Each,  figure  is  for  a different  time  delay  from  para- 
chute release  to  pressure  vessel  holt  release.  The  time  required  from  chute 
release  to  full  open  is  0.  2 sec  of  this  delay.  It  will  be  noted  that  the  time 
required  to  separate-a  given  number  of  calibers  behind  the  vehicle  increases 
as  the  time  delay  increases  because  of  the  deceleration  of  the  system  during 
this  detay  and—the  resulting  decrease  in  free  stream  dynamic  pressure. 

The  time  at  which  the  forebody  should  be  separated  must  be  traded 
off  against  the  inherent  vehicle  motion  at  separation.  In  other  words,  the 
fastest  separation  would. occur  using  no  time  delayphowe  >r,  it  is  desirable 
that  the  vehicle  motion  be  steady  so  as  to  prevent  bumping  between  the 
pressure  vessel  -and  the  forebody.  This  latter  requirement  would  dictate  a 
short  time  delay  «2.  Q sec  after  main  parachute-deployment  as  will  be  dis- 
cussed later. 

Main  Parachute  Canopy  Candidates 

Three  canopy  designs  have  been  considered  in  terms  of  general  per- 
formance and  weight  to  select  a mam  parachute  design:  The  disc -gap-bandr- 

ring slot,  and  ribbon  designs.  Each  of  these  designs  possesses  the  following 
performance  characteristics  considered  essential  to  the  parachute  system. 

1 ) Good  steady  state  stability  for  maximum  quality  data  acquis-ition 

2)  Medium  Cd  (approximately  0.  5)  for  reasonably  low  system  weight 

3)  Low  to  medium  opening  shock  characteristics  for  minimum 
structural  design  penalty 

4)  Operational  state  of  the  art  designs  for  easy  and  economical 
procurement 

Since  the  main  parachute  is  a major  weight  contributor  in  the  parachute 
system,  the  three  candidate  canopy  designs  were  evaluated  in  terms  of  a 
weight  tradeoff.  Calculated  weights  for  the  three  candidate  canopies  at  design 
deployment  loadings  of  q = 1200  N/m^  (25  Ib/ft^),  q = 2400  N/m^  (50  Ib/ft^), 
and  4788  N/ra2  (100  lb/ft^)  are  shown  in  Table  5.  5-1.  It  should  be  noted  in 
the  table  that  the  3.  51  m (11.  5 ft)  D0disc-gap-band  parachute  is  capable  of 
higher  loads  than  the  nominal  deployment  q®  of  1530  N/rn^  (32  psf)  without 
an  increase  in  parachute  weight.  This  performance  capability,  therefore, 
permits  increased  safety  margins  for  off-nominal  deployment  conditions 
without  an  associated  weight  penalty. 
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TABLE  5.  5-},  MAIN  PARACHUTE  WEIGHT 


j 

1 

j 

| Deployment  q 

j Diemcter(D^) 

1 cm 

N tm1  (lb/ft2) 

[ Diameter!  D0J 
in 

Canopy  Typ.' 

Disk -Gap- Band 

Coniial  Ribbon  ( 25  deg) 

1197 

(25) 

lb 

Ring 

‘ ’ 

2 394 

Slot 

1197 

k8 

.b 

— 

J394 

— 
150) 
lb  i 

4-88 

uoo» 

Sh 

1197 

*8 

1251 

lb 

2 394 

kP 

(50) 

lb 

4788 

(100) 

lb 

r 

(50)  j 47 S3 

lb  , kg 

(lOGi 

lb 

~.bi 

>.0 

_ 

- 

- 1 

- 

- 

C.  14 

0.  314 

0.  15 

0.  314 

0.  19 

0.  409 

- 

- 

- 

i 

- 

S.  39 

l-S 

- 

- 

- 

- 

- 

0.  17 

0.  379 

0.  19 

0.422 

0.  24 

0.  537 

- 

- 

- 

- 

S 10.1b 

4.D 

- 

- 

- 

— 

- 

- 

0.  20 

0.  448 

0.2  3 

0.497 

0.  28 

0.616 

- 

- 

- 

~ i - 

“ 

j 11.43 

4.  5 

_ 

- 

- 

“ 

- 

- 

0.  25 

0.  545 

0.28 

0.616 

0.  34 

0.  7 56 

- 

~ 

- 

j 12.70 

j 5.0 

0.  47 

1.028 

0.  47 

1 .023 

C.  47 

1.028 

0.  29 

0.642 

0.  34 

C.7  57 

0.  41 

0.916 

0.67 

1. 471 

0.67 

1.471  [ 0.67 

1. 526 

25.  40 

j 10.0 

1.  14 

2.  505 

1.  14 

2.  505 

1.14 

2.  505 

0.  9** 

2.  186 

1.42 

3.  1 33 

2.49 

5.  480 

1. 06 

2.  336 

1.23 

2.707  j 1.  58 

3.4QC 

38.20 

1 15.1 

2.02 

4.  461 

2.02 

4.46  3 

2.  39 

5.  27  3 

2.  25 

4.958 

3.  37 

7.430 

5.75 

12.669 

1.  R8 

4.  1 50 

2.45 

5.  399  ! 4.  If 

9.  r 

0 

j 50. 80 

J 20. 0 

3.04 

6.694 

3.  20 

7.  048 

4.  70 

10.  166 

4.79 

10.  560 

8.09 

17.839 

1 3.40 

29.  532 

3.  27 

7.212 

4.68 

10.  31  3 j 8.  16 

17. 997 

58.  42 

j 25.0 

4.22 

9.  31  1 

5.  08 

11.199 

7.  80 

1 7. 202 

8.  29 

18.278 

13.71 

30. 21 5 

29.96 

66.  059 

5.7? 

12.7  32 

9.-J9 

20.  912  J 14.42 

31.7*2 

?6.  20 

30.0 

5.81 

12.  809 

8.  11 

17.887 

12.  59 

27.752 

1 1. 79 

26.001 

19.  18 

42.274 

42.78 

94.  314 

8.  11 

17.884 

14.75 

32.516  23.44 

51.6 

! 

■ 88.90 

; >5.o 

7.81 

17. 208 

1 1.  37 

25.074 

20.  1 6 

44.433 

21.  82 

48. :o6 

31.83 

70, 165 

64.48 

142.  155 

11.63 

IS.  bit 

23.84 

52.  55  3 40.69 

89.? 

o 

1 101.60 

40.  0 

10.  23 

22.  547 

15.  49 

34.  1 39 

3 3.  55 

7 3.  966 

28.  77 

*G 

47.  44 

104.  584 

119.  32 

26  3.  059 

16.  94 

37.  357 

31.00 

68.  336  j 54.67 

120.  5 

<7 
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Parachute  Materials 


Both  nylon  and-dacron  appear  to  he  suitable  materials  for— parachute 
and  fabric-  component  construction,  since  they_are  available  in  a wide  variety 
of. material  weaves  and  strength  retention  at  higher  temperature  is  satisfactory.. 
Of  these  two  materials,  nylon  is  recommended  since  it  is  considered— the 
standard  material  by  the  parachute  industry  and  physical  properties  are 
suitable  for  Long  term  space  environment  where  high  loads  at  high  tempera- 
ture are  not  a major  consideration.  In  addition,  nylon_has  the  advantage  of 
having  a large  number  of  parachute  vendors  who  will  fabricate  with  it,  while 
those  using  dacron  are  limited  to  only  one  or  two. 

The  tensile  strength  of  nylon  fabric  is  approximately  the  same  in  air 
and  vacuum  at  temperatures  up  to  148°C  (300°F)*,  whereas,  this  holds  true 
with  dacron  for  up  to  approximately  205°C  (400°F).  Dacron  would  be  the 
more  suitable  material  if  thermal  soak  temperature  were  to  reach  the  higher 
leveL.  Also,  dacron  has  the  ability  to  retain  strength  properties  through 
temperature  cycling  and  for  that  reason  has  been  considered  mote  suitable 
for  interplanetary  missions  where- temperature  cycling  processes  such  as 
sterilization  is  a requirement. 

Using  nylon  as  th-e  maternal,  main  parachute  survival  can  be  expected 
to  approximately  30  k-m.  altitud ©►'where  the  temperature- is  525°K  (251°Cj.  At 
this  point,  each  of  the  12  main  parachute- shroud  lines  rated  at  2460  M (550  lb) 
strsngth-would  be  l-oaded  to  approximately  126  N (28  lb),  or- about  5 percent 
of  its  strength  under— standard-conditions. 

For  survival  to  lower  altitudes,  othen  material  selections  must-be 
made  commensurate  with"  strength  loss  properties.  Such  a requirement 
would  result  in  the  use  of  nonstandard  materials  which  may  induce  prohibitive 
hardware  and  development  costs. 

Ejection  Mortar 


Several  ejection  candidates  are  available  to  initiate  the  recovery 
system  including  a pyrotechnic-deployed  aft  cover  and  an  ejection  mortar, 
both  of  which  have  a considerable  backlog  of  experience.  Although  several 
hundred  successful  flights  have  been  made  with  a GE  vehicle  using  ejection 
pistons,  there  have  been  two  flight  failures  which  were  traced  to  this  portion 
of  the  recovery  subsystem.  For  this  reason,  as  well  as  for  the  added  relia- 
bility, an  ejection  mortar  was  selected  for  the  Pioneer  Venus  recovery 
subsystem. 


The  ejection  mortar  will  consist  of  an  aluminum  cylinder  with  internal 
disc  sabot  and  a pyrotechnic  ejection  charge.  The  pilot  parachute  canopy  with 
suspension  lines  will  be  packed  within  a cylindrical  configured  deployment 
bag  at  a minimum  pack  density  of  640  kg/rn^  (40  lb/ft3). 


W.D.  Freeston,  Jr.,  andD.S,  Johnstone, 
Temperature  Fibrous  Structural  Materials 


"Mechanical  Properties  of  High 
" AFML-TR  -67-  267. 
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Mortar  sizing-is  primarily  a function  of-the  material  mass  to  be 
stowed  or  ejected  and  the  ejection-  velocity*  A curve  showing  these  relation- 
shipa-is  presented  in  Figure  5.  5-5,  A significant  mortar  weight  saving  of 
approximately  1.  3 kg  (2_ 9 lb)  is  app-arent-vvith  the  recommended  system 
uaingia-Q.  84  m.  (2.75  ftl  D0  pilot  chute_as  compared  to  a system_whieh 
ejects  the  main_paraehute  directly. 

Also  ofxoncem.  in  establishing  a system  concept  is  the  peak  reaction 
load  that- can  be  expectechat  the  time  of  ejection.  These  data  are  shown  ih~ 
Figure  5 -.  5-6.  where  the  maximum-reaction-load  is  plotted  versus  the  ejected 
weight  for  various  ejection  velocities  from  12.2  to  30.5  m/ sec  (40  to  100 
ft/sec).  For  the  recommended  system  with  an  ejection  velocity  of-23y9  m/sec 
(78.  5 ft/sec),  Figure  5.5-6  indicates  that  a peak  reaction-load"  of  approxi- 
mately 2020  N (450  lb)  can  be  expected  from  ejection  of  the  0.  84  m (2.  75  ft) 

D0  pilot  parachute. 

Mortar  Induced  Tip-Off  Rates.  An  analysis-of  the  pilot- parachute 
deployment  was- developed  which  derives  tip-off  rates  induced  by  mortar 
position  error-.  Tolerance  assumptions,  which  were  inmost  cases  conser- 
vative, are  listed  below: 


Probe  c.  g. 

Mortar-location 

Angular  alignment-of  mortar 

Impulse  direction 

Other  parameters  assumed  were: 

Pilot  chute  weight 

Pilot  chute  velocity 

Mortar  location  (center  of 
bracket) 

Probe  inertia 

Axis  of  symmetry 
Transverse  axis 

Probe  spin  rate 


+O.J089O  cm  (O'.  035  in)  radial  - 
+0.  07-6-cm  (0.  03  in)  along-eaeh  axis 
0-.  5-deg  in-plane  and  out  of  plane 
0_5_deg_in  plane  and  out'  ef-plane- 

0.91  kg  (2  lb) 

24.  4 m/sec  (80  ft/ sec) 

0.  505  m (20  in)  from  probe  centerline 
0.  102  m (4  in)  from  c.  g. 

14000  kg-m2  (9-.  427  sl-ft2) 

9100  kg-m2  (6.  11  sl-ft2) 


15  rprn 

The  analysis  was  based  on  small  angle  approximations  and  the  axes 
were  treated  as  being  uncoupled  with  no  gyroscopic  moments.  Aerodynamic 
restoring  moments  and  parachute  stabilization  after  deployment  have  not 
been  included. 
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Results  of-this  analysis  using  various  bracket  angLe  errors  are 
presented  in-  terms  of  tip.-off  in  Table  5.  5-2.  Other  tolerances  presented 
above  have  been  combined- in  a worst-case  manner.  It  is  expected  that 
bracket  misalignment. can  be  held  below- 5 deg,  so  that~tip-of£_rates  are  seen 

to  be-bounded_hy  3.3  deg  /sec.  Main,  chute  deployment-will'  occur—Less  than 

1.  S sec  after  mortar-initiation,  at-which  time-the  induced-probe  angle  o£~ 
attack  will  therefore  be  less  than  5 deg. 

Subsystem  Tradeoffs 

In  addition  t-o  the  previous  design  studies,  a parallel- effort  was  con- 
ducted to  evaluate  performance  of- various  subsystem  concepts  and  to  observe 
the  effects  of  varying  deployment-  conditions  and  parachute  sizes  using  the 
Retardation  System  Selection  Program  (RESSEP)* 

The  trades  discussed  in  this  section  were  developed  for  conditions 
compatible  with  the  Thor /Delta,  mis  Sion,  bu£_are  in  general  applicable  to 
either  mission. 

TABLE  5.5-?.  MORTAR- INDUCED  TIP-OFF  RATES 


Bracket- Misalignment, 
Deg 

Tip-  Off  Rate, 
Deg/Sec 

1.  0 

k 1 

3.  0 

2.  2 

5.0 

3.  3 

7.  0 

4.  4 

9.0 

5.  5 

11.0 

6.  6 

13.0 

7.  7 

15.  0 

8.  8 

>!< 

Hoyt,  T.  , "Retardation  System  Selection  Program,  " GE-TIS  71SD263, 
1 1771. 


5-176 


All  data  were_computed  using  the  fallowing  parameters; 


1 ) Nominal~F,ntry  Trajectory  Conditions  of: 

= 41- deg  (dawn-from  horizontal) 
h£  = 1-50  km  (492,120  £tj- 
V£_=  1 1 , 1 56  m/sec  (36,  605  ffc/sec) 

2)  Atmosphere:  NASA  SP801 1 (1972) 

Vehicle:  Configuration  - 55  deg  sphere  cone 

Mortared  Main  Parachute  — Variable  Mach  Number  Deployment. 
Computer  program  results  of  mortaring  the  main  parachute  at  five  different 
Mach  numbers  (0.  7,  0.  9.  1.  L.  1_3,  1.  5)  without.use  of  a pilot  or  drogue 
indicated  several  problems^  In  particular-,  the  higher  Mach  number  environ- 
ments required  a reefed  stage  so  as  not  to  exceed  the  L-7800  N-(4,  000  lb) 
opening  load,  

The  main  disadvantages  in  using,  such-a  system  for  Pioneer  Venus 
are  the  volume  restrictions  in  mounting  the  large  ejection  mortar  for  the 
3.  51  m (1-1,  5 ft)  D0  main  chute,  and- the  more  critical  alignment  required 
as  a result  of  relatively  high  ejection  loads  at- the  time  of-main  chute  ejection— 

Mortared  Decelerat-or  - Variable  Decelerator  Dp.JThe  effects  of  using 
a-deceierator  parachute  (drogue)  in- the  system  wererexamined.  The  deceiera- 
tor  provides  drag-to  the  vehicle  prior  to  extraction  and  deployment  of  the 
main  parachute. 

Por  the  three  cases  examined,  variable- decelerator  diameters  of 
0.  61  m (2,  0 ft),  1.  22  m C4.  0 ft),  and  1. 83  m (b.  Q-ft)  were  considered;  all 
were  deployed  at  Mach  1.5.  The  case  for  nominal  deployment  at  M- = 0.7 
was  not  included  because  if  offers  no  advantages  and- has  the  disadvantage 
of  increased  complexity.  Advantages  would  exist  at  higher  deployment  load- 
ings where  comparisons  could  be  made  between  a reefed  main  deployment 
chute  and  a drogue-.  At  these  conditions,  a drogue  could  decrease  the  main 
parachute  deployment-environment  to  the  extent  that  lighter  materials  could 
be  used. 

The  main  disadvantages  in  using  a mortared  decelerator  parachute 
as  compared  tc  a mortared  pilot  are: 

1)  Increased  system  complexity  requiring  a timed  drag  interval, 
with  associated  hardware  to  release  the  drogue  and  deploy  the 
main  chute 

2)  Greater  altitude  loss  from  a given  deployment  point  before 
equilibrium  velocity  is  reached  on  th:>  main  chute. 
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In  the  three-  easels  examined,  .altitude  losses  from-the  point  of  initial 
system  deploymentUO-terminaL  velocity  on  the  main  parachute  amounted  to 
approximately_0.  9-km  (3,  00-0  ft), 


Main,  Chute-^ariabie-  Do  - With  Pilot.  Sensitivity  of recovery  system 
performance  to-main  pa*aeftute  diameter,  has  been  evaluated  by  the  KhSSI. 
computer  program  around  the  baseline  diameter-of  J.  51  m (.1  it).  ^ses 
examined  usings  main  chute  diameters  of  D0  = 2,  89  m (9.  5 ft)  and-4.42  m 
(13.  5 ft)  with-pilot  are  shown  in_Table  5.  5-3.  In  all  eases,  initial  systerr 
deployment  occur red-at~Maeh  0. 


It  is  noted  that,  as  the  main  parachute  diameter  decreases  from 
4 11  m (13.  5 ft)  to  2,  90  m (9.  5 ft),  the  maximum  load  deer  eases  significantly 
(®50  percent).  Totak.sub system  weight  on_the  other  hand  is  quite  insensitive 
to.  D0.  All  systems  provide  terminaljeelocity  well' above  6b- km. 


Parachute  Deployment  Environment  Sensitivity. 

Sensitivity-of  parachute  deployment  environmentiaUitude,.  Mach 
number ^ and  dynamic  pressure)  to- various-  error  sources  occurring,  during 
entry  has  been  identified.  Once- again,  the  analysis  was  based  on  parameters 
compatible  with  the  Thor/ Delta- mission,  b it  the  results  are,  m general, 
applicable  to-the  Atlas7Centaur_mission. 


Error  sources  considered  were; 


1)  Timer  — 

2)  G- switch 

3) -  Entry  path  angle 

4)  Ballistic  coefficient 

5)  Scale-height 

6)  Density 


Three  path  angles  were- analyzed  (35,  4U  and  60  deg)  for  four  values 
>f  time  delay  from  main  chute  release  (0,  2,  5,  and  10  see).  The  41  eg  en  ry 
mcle  condition  was  analyzed  at  deployment-Mach  numbers  of  0.7  and 10.  9. 

Hie  39  and  60  deg  entry  conditions  were  analyzed  for  a deployment  Macn 
lumber  of  0.7  only. 


Conclusions  reached  as  a result  of  this  analysis  are; 

1)  For  all  cases,  Mach  number  errors  are  less  than  AM  = °* 

dynamic  pressure  errors  less  than  Aq  = 19  N/in  (0.4  Lb/ft  ), 
and  altitude  errors  less  than  Ah  = 0.  13  km,  all  for  1 percent 
errors  in  eack-of  the  sources.  That  is,  the  critical  chute  deploy- 
ment parameters  are  very  insensitive  to  these  error  sources. 
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TABLE  5.  5-3.  RESSEP  AlSfAL^SIS  OF  LARGE  PROBE  PARACHUTE  SYSTEMS 


U1 

1 


Input 

D main,  m (ft) 
o 

D pilot,  m (ft) 
o 

Total  weight,  kg  (lb) 

Shield  weight,  kg  (lb) 

Output 

Deploy  pilot 

Altitude,  km  (kft) 

C.  N/m^ln/ft2) 

M 

y,  deg  down  from  horizontal 

Deploy  main 

Altitude,  km  (kit) 

Q,  N/m2  (lb /ft") 

M 

Loads 

Pilot  snatch,  N (lb) 

Pilot  open,  N (lb) 

Main  snatch,  N (lb) 

Main  open,  N (lb) 

Shield  Drop 

Altitude,  km  (kft) 

Velocity,  m/ sec  (ft/sec) 

Terminal  (1.  1 g) 

Altitude,  km  (kft) 

Velocity,  m/sec  (ft/sec) 

V ejection,  m/ sec  (ft/sec) 
Total  weight,  kg  (lb) 

Pack  volume,  krr.^  (ft  ) 
Descent  time  (to  5b  km),  sec 


I 

Baselire 


4.  11 

( 13.  5 ) 

1 

3.  51 

( 

11.  5 ) 

2.  90 

( 9.5 

i 

) 

0.  84 

( 2.75  ) 

0.  84 

( 

2.75  ) 

0.  84 

( 2.  75 

) • 

i 

139.4 

( 307  ) 

139.  4 

{ 

307  ) 

139.  4 

( 307 

) ! 

53.  1 

(117  ) 

V 

( 

117  ) 

53.  1 

( 117 

) 

I 

69.8 

( 228.7  ) 

69.  8 

( 

228.  7 ) 

69.  8 

( 228.7 

> 

1963 

( 41  ) 

1963 

( 

41  ) 

1963 

l fl 

) 

0.  802, 

0.  802 

0.  802 

54.  8 

54.  8 

54.  8 

69.  6 

( 228.  3 ) 

69.  6 

( 

228.3  ) 

69.  6 

( 228.  3 

) 

1915 

( 40  ) 

1915 

( 

40  ) 

1915 

( 40 

) 

0.  78 

C.  98 

0.  78 

1 103 

( 248  ) 

0 

ncc 

( 

247  ) 

HOC 

( 247 

) 

76  i 

(171  ) 

761 

4 

171  ) 

761 

( 171 

) 

4893 

(1100  ) 

5306 
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5 
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(12f2 

) 

69.  5 
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69.  5 
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( 

573  ) 
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) 
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( 
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) 

40.  2 
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) 
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( 
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21.  7 

( 71.  3 

) 
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3.  01 

( 
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( 
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>)  Density  errors  produce  altitude  eurors,..  but  do  not  produce  Maclt 
number  or  dynamic  pressure  errors.  This  is  true,  since-  a 
constant  factor  density  error  simply  shifts  all  trajectory  para- 
meters up  or  down  some  given  altitude— inc-cemcnt. 

3)  Scale  height  errors  were  obtained  by  linearly  stretching  or 
shrinking  the  altitude  scale  at  which  given  density  values  are 
defined..  The  point  aboutr which  this  altitude  scale  transformation 
was  applied  was  75  km.  This  value  was  arbitrarily  taken  with 
the  intention  of  not  compounding  the  effect  of  scale  height  varia- 
tion with  density  variation-  

Main  Parachute  Dynamic  Motion 

Coupled  3 degrees  of  freedom  motion  simulations  for  the  pressure 
vessel  parachute  combination  have  been  generated  to  assess  the  time  to  damp 
from  initial  angles  of  attack  at  deployment  or  from  a perturbed  angle  of 
attack  resulting  from  a wind  gust. 

Pertinent  curves  of  normal  force,  axial  force,,  and  pitching  moment- 
coefficients  are  presented  in  Figures  5.  5-7-  5.  5-8  and  5.  5-9--  These  data 
were  obtained  from  model  tests  but  do  show  good  agreement  to  full  scale 
drop  tests  (PEEP  program).  Note  that,  the  parachute  is- statically  unstable 
at  small  angles  of  attack  with  neutrally  stable  points  at  « = +6  deg._  The  trim 
angle  of  6 deg  could  be  decreased -to  a smaller  value  approaching  0 deg  by 
increasing  the  effective  geometric  porosity  of  the  par achute.  Incr easing 
porosity  generally  has  two  negative  effects  on  parachute  performance. 

!)-the  slope  of  the  moment-curve  through  zero  moment  (stability  margin) 
is  decreased  resulting  in  larger  angle  of  attack  oscillation  and  longer  time 
to  damp  out  when  perturbed,  and  2)  the  opening  characteristics  and  the  drag 
effectiveness  are  degraded.  To  bound  the  effects  of  differing  stability 
characteristics,  a normal  force  coefficient  and  a pitching  moment  coefficient 
variation  with  angle  of  attack  were  assumed  which  were  zero  for  -6  deg  < a < 

+6  deg  (i.  e.  , simulating  a higher  porosity  design),  and  were  otherwise  the 
same  as  the  aerodynamic  characteristics  presented  in  Figures  5.  5-7  and 
5.  5-9.  Motion  computations  were  made  using  both  sets  of  aerodynamic 
characteristics.  Aerodynamic  characteristics  used  for  the  pressure  vessel- 
were  simple  linear  functions  of  angle  of  attack  for  near -zero  Mach  numbers. 

Selection  of  the  spring  and  damping  constants  for  modeling  the  shroud 
line  response  was  made  following  a preliminary  effort  to  determine  motion 
sensitivity  to  them.  Within  the  range  of  parameters  studied,  computed  angle 
of  attack  motion  was  virtually  independent  of  the  spring  and  damping  constants 
used;  a nominal  set  of  values  was  therefore  chosen  for  Ihc  shroud  line  charac- 
teristics and  used  in  the  subsequent  analyses.  The  spring  constant  used  was 
4360  N/m  (300  Ib/ft)  and  the  damping  constant  used  was  1090  N -sec/m  (75 
lb  sec  /ft) 
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FIGURE  5.59  DGB  PARACHUTE  PITCHING 
MOMENT  COEFFICIENT-  VARIATION  WITH  ANGLE 
OF  ATTACK  - LOW  SUBSONIC  SPEEDS 
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nominal  inUial-conditjons  ( ® Nominal  model  stability 

pressure  vessel)  at  M - u.  i, 

as  above,  stability 

maximum  expected  angie  of  attack  of  l^deg  appli^  nominal 

pressure  vessel  and  parachute,  a 
model  stability 

as  above,  "flat”  stability 

Pressure  ve s 5 e L and  ParaCgn^e  ™ ac  hut'e!  at  M =8’o.7,  69  km,- 
on  pressure  vessel,  2u  aeg  f 
nominal  stability. 

. „ Wind  shear)  in  terminal,  fall 

4^.  as  above*  at  44  km. 

Angle  of  attack  histories  for  1*  and  Sight 

pressure  plane^relative^jrient^ion 

path  angle  history ■ f h ^ presented  in  Figure  5 5 • rfrVessel 

pressure  vessel  tor  c attack  histories  only  of  the  P 

s*  »•  >•  thot:d»nv^«^  5-  5-u  *hr“,h  5- 

and  the  parachu  P . , t the  angie  of  attack 

An  assessment  of  the  mo‘^  ^Xwing  a°n  initial  perturbation.  Aw 

• _ wen  behaved  and  converges  rapidly  Bthe  characterization  for  a 

estimate  of  time  to  half-damping,  o.  5 to  2 sec  for  mot, on 

spcond-order,  linear  system,  is  of  - for  motion  reflecting 

reflecting  nominal  model  stability,  and  no  5^^  other  ab  a non-tero 
"flat"  stability.  Both  vehicles  tend  narachute  aerodynamic  characteri 

cf a 

tn  an  Si.  «*•  of  attach 

hintori  . system  orients  itself  along 

In  the  static  equilibrium  conditioj,  Y ^ ^ pltching  moment 

the  plan H gravity  vector  regardless  °£  “ ^ equilibrium  path  angles  de.er- 
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CASE  1A  PARA  Dll'  TE /PROBE  MOTION  ANGLE  OF  ATTACK  HISTORIES 
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FIGURE  S.fr-10.  PARACHUTE/PROBE  MOTION  ANGLE  OF  ATTACK 
HISTORIES  — CASE  1A 
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FIGURE  5.5-12.  PROBE/PARACHUTE  MOTION 
CASE-2A  - 
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FIGURE  5.5- T3.  PROBE/PARACHUTE 
MOTION  - CASE  2& 


FIGURE  6.5-14.  PROBE/PARACHUTE 
MOTION  - CASE  3 
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FIGURE  5 5 15.  PROBE /PARACHUTE 
MOTION  CASE  4A 


FIGURE  5.5-16.  PROBE/PARACHUTE 
MOTION  - CASE  4B 
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FIGURE  5.5-17.  CASE  1 A PARAGHUTE/PROBE  MOTION  - PROBE  ORIENTATION  , 
WITH  RESPECT  TO  LOCAL  HORIZONTAL  AND  PARACHUTE  FLIGHT  PATH  ANGLE. 
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normal  force-  coefficient  Gn  is  also  wre  at  that  point,  Thus,_.the  system 
wili  drift  6-deg_off-the  vertical  in  terminal,  equilibrium-fall.  For  the-H£Lat" 
stability  characteristics,  the-  equilibrium  path  angle  is  vertical  and  the 
equilibrium-angle  of  attack  is  zero.  Since  th e-parachute-  has  neutral-  stability 

and-zero  Cj\j_for  -6-  deg  < a < +6  deg,,  its  dynamic  stability  win  cause  angle  of 

attack  to  approach  zero  and  path— angle  to  approach  vertical, 

Thor/Delta  Baseline  Description 

The  parac-hute  subsystem  for  the  Thor/Delta  mission  consists  of  the 
following:: 


1-)  One  3.  51  m (11  ^5  ft)  D0  di  sc  - gap  -band_nyl  on  main  parachute 

2)  One  0.  84  m (2.  75  ft)  D0  coniGal  ribbon  nylon  pilot-parachute 

3}  One  pilot  chute  ejection  mortar  with  ejection  charge 

On  electric  at  command, — the  mortar  ejects  the  pilot  parachute  to  the 
side  and  aft  of  the  probe  vehicle  at  an  angle  of  83.  5 deg  from  the  vehicle 
roll  axis. 

Tht  pilot  parachute  serves  to  remove. the  vehicle  aft  cover  and  to 
extend  the  main  parachute  pack-for  fully  open,  deployment  of -the  canopy. 
Rel-ease  devices  are-provdded-on  the  vehicle  to  accomplish  aft  cover  release. 

After  a time  delay  of  approximately  2 sec  for  system  stabilization, 
the  bolts  attaching  the  pressure  vessel  module  to  theaecoshell  are  released 
and  the  module  is  separated  from  the  aeroshell.  Pressure  vesseL/aerosheUT 
release  is  timed  from  mortar  initiation. 

During  the  final  equilibrium  descent  phase  of  the  mission  and  at- 
approximately  55  km  altitude,  the  main  parachute  is  released  from  the 
pressure  vessel  at  the  three  bridle  attachment  points  and  the  vehicle  is 
allowed  to  free  fall  to  the  planet  surface.  General  recovery  system  events 
are  shown-in -Figure  5.5-1. 

Atlas /Centaur  Baseline  Description 

The  parachute  system  for  the  Atlas /Centaur  mission  consists  of  a 
0.84  rn  (2.75  ft)  diameter  conical  ribbon  nylon  pilot  deployed  by  an  ejection 
mortar  and  a 4.  57  m (15  ft)  D0  disc-gap-band-main  parachute.  Parachute 
diameter  selection  was  based,  as  in  the  Ther/Delta  mission,  on  the  require- 
ment for  a positive  separation  margin,  except  that  here  parachute  area  is 
four  times  that  needed  for  incremental  separation. 
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A summary  of.  the  deployment-environments  and  other  critical  events 
is  include  d_in- Table  5 3-4-.  Altitude- oh  main  parachute  deployment  (-'M  = Q.7)_ 
has  decreased  slightlyc-from  the  Thor /Delta— mission  due  to  the  increase  in 
ballistic  coefficient.  Coupling,  this  increase  with  the  larger  parachute 
diameter  results  in  opening  loads  of  IS*  356  N (3,  4-52“TbVu:bmpared-to  7,900-N 
(1,775  lb)  for  the- Thor /Delta  design.  Terminal  velocity_of  the- parachute 
pressure  vessel  has  decreased  from  46  m/sec  (151  ft/s cc)  to  34 . 3 m/sec 
(1 12. 4 ft/ sech.  

With  the  change  in  vehicle  mass  properties  and-parachutc  diameter, 
it  was  necessary-to  re«cvaluate  the  pressure-vessel-fore-body  separation. 
Figure  5^5-  L8  shows  the  resultant  separation-histories  assuming  a 2 sec 
time  delay  to  permit-any  initial-angle  of  attack  oscillations  to  damp.  Time 
to  separate-one  diameter  is  0.5  sec.  This  is  comparable  to  the  time 
required  .for  the  Thor /Delta  design  and,  based  on  previous- separation  studies, 
— will~be  adequate  to  prevent  recontact. 

General  recovery  system  events  remain— compatible  with  Fig- 
ure 5.5-1. 
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separation  and  despin 


ry_  insure  that:  1)  all 

«* 

separation-^^  ^^ssef,  and.  2)  adc^u^  C ^collision-  oi  hanfSIfi- — 
probes » or  prnasore v te  the  possibility  oi 

points  in  the-  design  mechanic  al  have  beer,  flight 

ualilied  ^ Wa^e^a^Vcable  * " 

”d 

Requirenvents  separation- function  for  all- 

" ^ration  «*£• - *e  UWd^S^ES‘*. 

probes  <rom-«he  ’P^^Z  doriog  th.  f;«^^£2rt.U  with  the 

h?%?£ - - ■"  p”ssure 

^Wntdale -into  ~ mu8,  00t  exceed  3-d eg/ •« 

At  Sr0l”'K!St20d4g”i « 1"* :hePsraalt— 

for  JtoeUrge  probe-and  ^ rate  ef  the  smalL-Rrobe 

from  “ - pH°r  l° 

Tests  and_Trade-_5tudie« 


Large  Frobe^  ^ thfi  interface  between  the 

Bos/Probe  Separation.  ^^Jg^for  the  Probe  Clearance 

probe  end  the  bus  <Wr‘*£,l  ucture;  this  Pr'X«t«d  toward.  maximising 
carried  v*ithin  the  ° analytical  wo-rk  w moved  ait  that  the 

cbr^o:rexh{^ 

^ reqalre  th“ use  ° 

made  by  reducing  the  sepa 

,meU«r  spring-  ^ dctcrmi„ed  b,  considering  the  blowing 

Separattot.  pester  « ' three  sigma  value., 

error  sources  and  their  exp 


. _ _i ,.a.i  + 5 percent 

Spring  preload  + 3 v 


1) 

Spring  rate  + V percent 

Z)  5p  R " t + 0 15  cm  (0.060  in.  ) 

„ Geometric  centroid  alignment  + 0.  15 


FIGURE  5^-1.  PR0BE/BU3  SEPARATION 
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•i) Bus  c . g « location  + 0,3  c.n  (120  in..) 

5)  Prob«-«-,  g.  location  _+  0.  15  cm  (0.  06-0  io.  ) 

6)  Radial-lacatiou  of  spring  attachment  + 0.  09  cm  (O.iUb  in.  ) 

(cadi  spring  independent) 

7)  Angular  Location-of  spring_attachment— t 1 deg  (cadi  spring 
independent). 

8)  initial  body  orientation,  of  probe.  + 1 deg  (each  axis) 

9)  Effect-of  initial  body  tumble  rate*  - nominal  precession  of  2 deg/ 
sec 

For  each  of  the  various  springs  and  nominai-velocities-desired,  a 
series  of  computer  runs  were  made  that  consisted  of: 

1)  Nominal  values,  no  errors 

2) —  All  errors  simultaneously  active 

3)  Individual  errors 

The  clearance  analysis  begins  at  the  separation  event  and  ends  when 
^^~v^:tical  section  of  the  after  cover  dears  the  bus.—  A computer  program 
was  generated  consisting  of  equations  determining  the  envelopes  of  motion 
of  the  two  bodies,  each  having  3 deg  of  freedom.  The — envelopes  are  added 
to  form  a "clearance  required". 

The  errors  due  to  the  individual  sources  were  root-sum-squarcd  as  an 
indication  of  three  sigma  values  of  body  tumble  rates  and  lateral  velocities. 
These  arc  compared  on  Table  5.6-1  to  the  simultaneous  set  to  test  for  error 
correlation.  The  clearance  required  is  listed  in  three  columns  for  various 
AV's  for  each  error  source.  The  required  clearance  for  rss  errors,  the 

most  probable  case,  and  tor  all  errors  run  simultaneously,  the  worst  case, 

are  noted  at  the  bottom  of  the  columns.  Initial  precession,  probe  body 
angular  orientation  and  preload  force  are  the  major  contributors  to  clearance. 

The  clearance  required  lor  simultaneous  errors  is  plotted  versus-  AV 
in  Figure  5.6-2.  A minimum  occurs  at  AV  = 76  cm/sec  (2.5  ft/ sec).  For 
small  AV  s the  time  for  separation  is  high  which  causes  the  curve  to  vise  as 
AV  approaches  zero.  For  large  AV's,  the  tipoff  causes  the-risc.  The  half- 
cone angles  corresponding  to  this  case  (simultaneous  errors)  are  plotted 
versus  AV  in  Figure  5.6-3;  tumble  rate  is  shown  in  Figure  5.6-4. 

Aft  Cover  Separation.  The  aft  cover  is  attached  to  the  aeroshelt  by  means 
of  three  mechanical,  "over  center  latches.  Lanyards  attached  to  the  pilot  chute 
bridle  operate  the  latches  upon  chute  deployment.  This  passive  separation 
method  was  chosen  over  active  designs  using  explosive  nuts,  cable  cutters,  or 
pin  pullers  because  it  does  not  require  an  electrical  firing  command  and  the 
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- 

- 

Clearance-  Required,  cm 

(in.  ) 

V 

- cm/sec  (ft/ S CO 

) 

Error  Source 

30  (11 

61(2)- 

9 1(2) 

7- 

Force  ±(1.35)  6 N 

0.  51  (0.  20) 

0.  66  (0.  26) 

a.  84  (0.  35) 

Spring  rate  ±(_2iLlb /it). 

a.  20  (0.  08) 

0.  30  (0.J2) 

0.38(0.15)  _ 

3 26  N/m 

:'S 

Central  location 

0.  38  (0.  15) 

0.  51  (0.  20) 

0.  66  (_0.  26) 

±(0.  060  in.  ) 0.  15  cm 

' 

Bus  c.  g.  location 

0.  38  (0.  15) 

0.  30  (0.  12) 

0.  2840.  1 1) 

±(04  20  in.  ) JL  3 cm 

__ 

- 

Probe  c.  g~  location. 

0.  25  (0.  103 

043-4-0.  09) 

0,  25  (0.  10) 

- 

±(0.  060  in.  ) 0.  13  cm- 

C- 

Spring,  radius  location 

0.  20  (0.  88) 

o.  25-40.  10> 

0.  36  (0.  14) 

7 

±(0.  0 36  in.  ) 0.  09  cm 

Probe  body  orientation 

0.  68  (0.  27) 

0.  Six  (0.  34) 

1.  12  (0.  44)— 

r 

± 1 deg 

- 

-r 

Spring  angle  location 

0 

0 

0 

± l deg 

r 

Initial  precession  rate- 

3.  33  (1.  31) 

2.  26  (f1  89) 

1.  93  (0.  76) 

at  2 deg/sec 

. 

RSS  errors 

3.  51  (1.  58) 

2.  62  ( 1.  03) 

2.  52  (0.  993 

All  errors  run 

4.  62  ( 1.  82) 

4.  0(>  ( 1.  60)- 

4.  11  ( 1.  62) 

simultaneously 

- — 

pi 
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ac taa_l_Cl4.nl it  lianhva I'tM'an  be  tested  on  the  ground..  One  factor  that  must  bo 
eon  side rod  is  the  effect-  of  back  pressure  acting  on  the  covet.  With  the 
resultant  pilot  chute  forces  shown-  in  subsection  5.  5,  the  AP  must  not  be 
greater  than  689  N/ni*  (0.  1 psi).  A preliminary  venting  analysis  of  the 
aero  she  II  shows  that  the  AP  is  less  than  ,>.07  N/m^  (0.  03_psi)  at  the  time  of 
chute  deploy mont. 

Aei-oshell/i^-ressuie  Vessel  Module  Sepa-ration..  The  aer-osholl  will- he— 
separated  shortly  after  chute  deployment  in  order  to- expose  experiments  in 
the  pressure  vessel.  The  time  window-for  separation  begins  at  cliute  deploy- 
ment anti  ends  when  the  separation  force  due-to -differential  drag  between  the 
acroshell  and  the  pressure  vessel  on  thechuie  equals  178  N (4tt-lb),  whicii-co-r- 
responds  to  a 4 sec  delay  after  main  chute  deployment.  It  is  desirable  to  have 
some  time  delay  in  order  tor-fhe  chute  opening  transients  to  damp  outg  con- 
versely, the  sooner  separation  occurs,  the  greater  the  separation  force  and 
the  faster  separation  occurs.  Subsection  5._5  present's  the  resultant  damping 
characteristics,  separation  velocities,  forces,  etc.,  as  a function  of  the 
time  delay  between  main  chute  deployment  and  aeroshell  separation.  The 
results  show  that  any  transient  vehicle  motion  should  be  largely  damped- within 
2 sec  after  main  chute  deployment.  In  addition,  the  separation  force  and 
velocity  will  be  adequate  2 sec  after  main  chute  deployment.  Therefore,  as  a 
compromise,  the  separation  time  delay  was  selected  at  2 sec. 

The  cable  cutter  cuts  the  harness  between  the  aeroshell  and  the  pressur-e 
vessel  at  mortar  fire  +0.5  see.-  The  three  explosive  nuts  attaching  the  pressure 
vesse-l  to  the  aeroshell  are  actuated  afmortar  +3. 2b  sec  (2  sec  after  the  main 
chute  is  fully  opened).  _ 

Analysis  of  the  aero-shell  separation  investigated  collision  possibility- 
due  to  nonsimultaneous  explosi\e  nut  release.  The  analyses  assumed  that  the 
acrosheU-pressure  vessel  interface  structure  is  rigid,  so  that  ito  relative 
motion  exists  until  the  last  nut-  releases-.  It  was  also  assumed  that  no  relative 
accelerations  existed-oxcept  the  relative  drag  forces.  Based  on  the  initial 
separation  force,  the  time  to  travel  a relative  separation  distance  of  16.5  cm 
(6.5  in.-)  is  0.062  sec,  at  a delay  time  of  2 sec.  The  relative  tipoff  rate  is 
10.2.  deg/sec  resulting  from  the  impulse  of  the  last  nut  to  fire.  This  rate 
causes  a 0.63  deg  relative  rotation  ol  the  aeroshell,  which  is  small  compared 
to  the  8.5  deg  clearance  angle.  If  the  aeroshell' and  pressure  vessel  were 
spinning  at  60  rpm  prior  to  separation  and  the  aeroshell  had  a 3 cm  (0.  12  in.  ) 
c.g.  offset,  it  would  acquire  a relative  lateral  AV  of  1.8  cm/sec  (0.06  ft/sec), 
which  is  small  compared  to  39  cm/ sec  (1.27  ft/ sec)  which  can  be  tolerated. 

It  should  be  kept  in  mind  that  the  parachute  would  damp  any  forces  imparted 
to  the  pressure  vessel  during  separation,  before  large  motion  can  result. 
Therefore,  it' can  be  stated  that  aeroshell  separation  from  the  pressure  vessel 
can  be  accomplished  satisfactorily. 

Parachute  Release.  Three  methods  of  attaching  the  parachute  to  the 
pressure  vessel  were  considered;  otie^iwo,  or  three  point  tiedown  systems. 

The  main  factor  in  the  selection  of  three  points  was  the  increase  in  the  aero- 
dynamic stability  for  this  arrangement  with  the  parachute  deployed;  the  single 
point  concept  was  not  considered  practical  because  of  the  location  of  the  antenna 
in  the  area  required  for  the  attachment  fitting. 
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The  effort  of  nonsimultaneoue  release  of  the  explosive  nut  was 
investigated.  It  was  as sumed  thal  the  pressure-vessel  has  its  own  weight 
acting,  trying  rotate  it  about  the  last  attachment  fitting,  until  the- nut  fires. 

The  impulse  hnom  the  nut  provides  a restoring  moment,  so  that  tor  a 0.  004  sec 
At  the  net- tipoff  rate  imparted_to  the  pressure  vessel  is  1 deg/ sec.  When 
At'is  very  small,  the  maximum  rate  is- 5 . 5-deg/ sec,  The  magnitude  rates 
should  not  cause  any  instability  to  the  pressure  vessel  daring  its  terminal 
descent  phase. 

Small  Probe 

Separation  Subsystem.  Theoretically,  the  proposed  separation,  concept 
(Figure  5.  t-5)  provides  clelh,  instantaneous  release  of  the  probe,  with  nomi- 
nally zero  tipoff  and  zero  At,  except  for  the  tangential  velocity  due  to  bus-  spin. 
Furthermore,  the  opening  velocity  of  the  arm  is  sufficient  to  provide  adequate 
clearance  and  insure  a collision  free  escape  of  the  probe.  Realistically, 
however,  the  probe  is  not  veleased-instantaneously;  but  there  is  a finite  time 
period  for  ^structures  thus,  arm,  probe)  to  rea^  a zero °ad  condition.  It 
was  assumed  therefore  that  an  average- force  of  445  N (100  lb)  acts. radially 
on  the  probe  for  2-  ms.  This  force  imparts  a radial  A V of  2. 9 cm/ sec 
(0.  096  ft/sec)  to  the  probe,  and  because  of  the  distance  between  the  c.  g.  and 
the  plane  of  the  arm,  the  force  also  imparts  a tipoff  of  approximately  4 deg/ 
sec,  which  lesults  in  a precession  half  cone  angle  0.5  deg. 

T-he  clearance  study  shows  that  an  opening  angular  velocity  of  400-deg/ 
see  must-be  imparted  to  tile  arm,  assuming  a bus  spin  of  60  rpm.  Thee*- 
oected  impulse  frnm  theuseparation  nut  is  approximately  0.  9 K-sec  (0.  lb-sec  j, 
which  is  sufficient  to  impart  such  a velocity.  The  arm  must  rotate  or  open-in 
the  same  direction  as  the  bus.  Both  the  arm  and  the  bus  structure  must  be 
offset  away  from  the  probe  at  the  trailing  edge,  which  corresponds  to  the 
attachment  point. 

The  bus-structural  interface  with  the  probe  is  essentially  a semicircle, 
except  at  the  trailing  edge  where  it  must  be  cut  away  from  the  periphery  of  the 
probe.  Adequate  clearance  is  attained  with  a 2.  5 cm  (1  in.  ) cutback,  as  shewn 
in  Figure  5.6-5.  Changes  in  probe  diameter  do  not  alter  the  need  for  offsetting 
the  structure  at  the  trailing  edge.  Changes  in  bus  spin  rate  do  not  affect  clear- 
ance of  the  structure  with  the  probe. 

The  principal  assumption  in  the  study  of  the  arm  clearance  is  that  the 
arm  is  a rigid  body,  so  that  the  impulse  from  the  explosive  nut  causes  rotation 
of  the  arm,  with  no  elastic  deformation,  at  constant  angular  velocity.  A study 
of  various  arm  cross  sections  led  to  the  selection  of  a closed,  tubular  section 
as  the  baseline  design.  Using  aluminum,  the  arm  has  a total  weight  of  approxi- 
mately 0.27  kg  (0.06  lb)  including  fittings. 

A computer  program  was  prepared  which  calculates  the  distance  from 
an  "imputed"  point  of  interest  or.  the  arm  to  the  probe's  center,  a,d  compares 
it  to  the  probe's  radius.  The  arm  has  ari  initial  angular  velocity  due  to  the  bus 
spin  rate.  The  primary  collision  point  on  the  arm  is  the  attachment  point.  The 
other  principal  point  of  interest  is  where  the  arm  first  contacts  the  ring,  also 
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FIGURt5.6  6.  SMALL  PROBE  CLEARANCE  STUDY 
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referred  to  as  the  reeUct  or  tangenoy  point . ^ 

«r;.  s«s  ek  £r -‘ 

the  probe.  Several  conditions  were  examined  aiul  AiimmauZ  — 

L)  Baseline  wse,  Hinge  at  the-  Leading  edge  and  2.  S cm  (I  in ■.  ) 
inboard  from  the  basic  diameter.  The  arm  opens  m th  ‘ 
direction  as  bus  spin,  which  is  60  rpm.  Point  A must  ^offset 
2 . 5 e-m  ( 1 in.  ) away  from  the  probe  With  an  arm  rotatio n o 
cfeu/sec  the  clearance  of  point_A  always  increases  from  the 
nominal'2.  5 cm  (1  in.  ) initial  clearance.  At  .100- cleg/ sec  arm 
rotation,  the  clearance  decreases  to  0.  .18  cm  <0.  16  in.  ) and  then 
increases  as  shown  in  Figure-  5U>- 7.  Figure  5.  0-b  shows  the 
cleaxa nee* of  various  pointS  around-the-  arm  and  on  the  «trm:mrc 
Figure  5.6-8  shows  the  time  taken  for-  the  arm  to  clear  the  V ring. 
Note  that  point  C has  attained  a 1.2  cm  (0.  5 in.  ) clearance  in 
about  16  ms.  The  arm  is  completely  clear  from  the  probe  n 
150  ms,  at  which  time  the  arm  has  rotated-92  deg  relative  to  the 
bus.  Figure  5.6-7  shows  the  effect  of  initial  angular  vclo^it>  on 
clearance,  justifying  the  selection  of  400  deg/ sec. 

21  Hinge  located-on  ti  ailing  edge.  For  this  case  the  arm's  angular 
velocity  must  be  increased  to  500  deg/ sec,  and  the  arm  must  be 

permitted  to  rotate  180  deg.  Ar400  deg/sec  1 ° coUiston* 

Likewise,  if  the  arm  opening  angle  is  limited  to  150  deg.  collision 

would  result. 

3)  Minimum  band  opening  angle.  The  minimum  angle  vddeh  th e arm 

can  open  and  still  clear  the  .probe  was  investigated  because  ol 
other  equipment  which  may  be  mounted  on  the  bus,  in  between  the 
prob...  Thi.  angle  is  60  deg.  6.6-1  .how.  the  clearance 

for  various  opening  angles. 

4)  Sensitivity  to  bus  spin  rate.  The  only  effect  of  changing^the  bus 
spin  rate  is  to  require  a higher  arm  angular  velocity.  For  a spit 
rate  of  90  rpm,  the  angular  velocity  must  be  5 30  J08/bC^'an 
120  rpm,  the  angular  velocity  must  be  increased  to  800  deg/ sec. 

The  increase  in  arm  velocity  requires  more  impulse  from  the 
separation  device.  The  need  for  higher  impulse  can  be  satisfied 
byPusing  a thruster  bolt  instead  of  an  explosive  nut.  Such  device, 
are  commonly  used  for  V-band  separation,  (see  Figure  u.6-10). 

5)  Effect  of  changing  mass  properties  of  the  arm.  An  increase  in 
arm  weight,  or  e.  decrease  in  its  rotational  inertia  about  the  hingt 
permits  a reduction  in  initial  angular  velocity  because  the  centri- 
fugal force  contribution  to  total  angular  velocity  increases,  (see 
Figure  5.  b-11). 

6)  Location  of  hinge  point.  The  selected  hinge  point  location  i.  2.  6 cn, 
(1  in.  ) inboard  of  the  basic  diameter  and  2.5  cm  (I  n.  ) ^louthe 
tangent  line.  Moving  the  point  to  2. 5 cm  (i  in.  ) outboaid  of  the 
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FIGURE  5.6  T SMALL  PRQBt  SEPARATION  CLEARANCE  OF  POINT  A 
WITH  ARM  VELOCITY 


PT.-4-  g 


5-204 


In3STS-t91DE 


2 ' 


£>' 


UI- 


g 

< 

UJ 


O* 


FIGURE  5.6-9;  VARIATION  OF  CLEARANCE  WITH  ARM  ROTATION  - 
ABM  ROTATION  400  DEG/SEC 
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FIGURE  5.6-1 1.  EFFECT  OF  BAND  WEIGHT  ON  CLEARANCE 
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-if  noi  lit  C somewhat.,  but  not 

. £ a {uuv  op«ne‘'  arm  colliding  ^ maxitmtni  opcnf,d 

Thu  condition  of  a * J70  problem  uKV^tb.  bt  ejected  at 

next  station  was  ^v“Btl^m  is  about  L 42  tn  ^(un.h  ^.^/Viring  the  1/3 
radius  to  tho  Up  * . yU>n£  the  next  station,  therefore  uoLU- 

t°ev^  - '~ 

81°n  Cann0t  lK  CU  „ Two  methods  for  c^spi',^ 

Despin  Subsysten_-  , ,,  system,  wntch  LO  d 3foO  deg 

CMMerST-Th.  ““''  able,  from  the  weights  were  wrhppe  d trom 

- mounted  100  deg  **  probe.  The  we^hu  were  ^ o£ 

around  a Week  *e“Vablo  cutter,.  The  \ho.e  being  developed 

their  stored  pontt  • V ^ ba,eline  motors  are  designed  to  decrease  the 

small-rocket  moto  despin  system  mUS  rpm  prior  to- 

tor  the  MKhOO  Z probe  separate  to  *10. 

roll  rate  from  an  iniinu-* 

entry.  . Table  5.6-2;  the  two  con- 
us of  the  trade  study  are  shown  in  -^hl  withJthe  rockets 

The  resf1teSse°£af  Candidates  for  a despxn  subset  ^ wei  ht^ 

cepts  are  very  c lose  w o£  instaUation  and-testmg, 

being  chosen  mainly  for  ea 


TABLE  6.6-2.  ROCKBT  VERSUS  YO-YO 
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FIGURE  5.6-12.  EFFECT  OF  HINGE  POSITION  ON  TANGENCY  POINT  CLEARANCE 
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Thor  / Delta  Description 
Ltirge  Frobr 

^ l i -2 \ I’ht*  srDHrul-ion  velocity 
V^W|R&  T. os^blished  at  76  cm/...-  a.  5 W..C1 

t^^»n“'hrot  S -.*t  to  bus  toning  at  reparation. 

_.  , rnnsists  of  three  explosive  nuts,  with  redundant  cartridges. 

The  design  c°n*wt a °t  thr« se  Pselected ; the  bolt  hole  diameter  is 

A 0,95  cm  diameter  (3/8  in.)  b * the  explosive  nut.  The  nut 

large  enough  to  Permit  ejectio  ^ h J Corp.  PSN  7300  series.  It  is 

configuration  selected  is  that  ot  • eieeted  during  actuation,  and 

completely  captive,  with  no  pieces  oi  deb^s  ejecte  J and  utilize 

can  be  torqued  a,  the  nut.  The  aquibs  “nV,r  “,ioi  a.  found  on  the  Apollo 
stable  pyrotechnic  mixes  and  rel  . 1 A 5 min.  no  fire,  3.5  A 

initiator  of  MK12  or  viking  initiate  T.^  ^ ^ for  20  ms>  which-guarantees 

*■“  «"•  T«hir„e5ST.e“l'th  a .imoltaneity  of  t 2 m..  Action  items  and  non- 

kwuneUy  «»  2. ^ by  increasing  the  Bring  current. 

Three  matched  spring  assemblies  “•  Nlisf+I-Mb).*' 

+ 10  percent  (2.5  it,  sec).  They  arc  compressed  W 669  ^ U. - I a 

Save  a controlled  working strokuo.  2 U^+0.^08  cm^.  ^ _ 0i  044  s.c,_ 

spring  rate  of  153  N/cm  (-87.2  Ib/i  • ) • P soring  material  is- chtrome- 

which  is  within  the  0.  050  sec  ^quire^  j 0Q0  ^ This  relatively  low 

silicon  steel,  stressed  to  52",  00  - / time- storage,  thus  assuring 

working  stress  will  mtmmiae  creep  There  are  numerous  springs  that 

more  predictable  separation  so  that  ,he  sire  described 

can  be  designed  w^“'  ‘ ”i‘ck  unit,  complete  with  spring  preload  and 

f/a^l  ad^usim^t,  U beased8onPthe  assembly  used  for  the  LAR  program. 

Electrical  'VVe  * 

^.%r^«im;n~bl.  type,  in 

tor  meets  ««■»»  antibind  rolloff 

potted  wire  entry  seals,  hard  ox  redundant  hot  wire 

shells.  It  is  a GfcH  Technology,  Type  M The  H ^ comm„nd.  They 

actuators  allow  separation  o[  the  IT ' P . . P d wm  actuate  at  6 A within 

withstand  0.  5 A,  5 min  current  w.t  ‘°bt  actual  ng,  on  GE-  RESD' s MK  12  pro- 
20  ms.  Similar  hot  wire  elements  have  _ the  Viking  Mars  Lander, 

gram,  on  the  Apollo  (tights  and  planned  for  use  or tbpcrmlt  the 

The  IFD  is  actuated  about  2 “'c  ' t rhc  plug  lias  a retracting/ reslrain- 

KoV^rt  irtrom  strS  the  probe.  ^ time  to  comp.ete  ,Ff> 
separation  is  Jess  than  50  ms. 

. c / i a \ Tv*,*  aff  rover  is  attached  to  the 

aerosh^'^^tn-' mechanical  latches  which  are 
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released— by  the  deployed  pilot  chute-^-  The  latches  incorporate  a-high 
mechanical  advantage  to  amplify  the  loads  available  from  the-paraekute . Air 
over-center  mechanism  with  a preload  spring  is  used  to  e ns  urn  that  the  latches 
are  not  prematurely  ope-rated  by  vibration  of  flight  acceleration  loads.  T e 
catch  traps  the- aft  structure  between  the  latch  and  the  aft  cover  lip  to  ensure 
that  it  will  not  be  released  by  deformation-of  the  structure.  The  mechanism 
is.  adjustable  from  the  outside  of  the  aft  cover  to  take  up  any  slop  between  the 
aft  cover  and  aft  structure.  The  operating  lever,  attached  to  the  parachute 
liner,  also  acts  .is  a flap  valve  to  vent  the  interior  at  release-,  thus  preven- 
ting differential  pressure  from  holding  the  aft  caver  in  place. 


Aeros he  11/Pressure  Vessel  Module  Separation  (Figure -5.  6- 1 5).  The 
aeroshell/ pressure  vessel  function  is  provided  by  three  explosive  nuts  mounted 
on  the  flange  of  the  pressure  vessel.  The  bolts,  mounted  on  the  aeroshell 
with  bolt  catchers,  are  rnacce-ssible,  and  therefore  torquing  nuts  are  used. 

This  method  of  attachment  has  only  to  react  the  acceleration  loads;  the 
deceleration  loads  (the  structural  design  case)  are  reacted  by  cornpression 
between  the  flange  and  the  aeroshell  mounting  ring.  A separate  shear  attach- 
ment is  provided;  this  feature  also  positions  the  pressure  vessel  to  insure 
that  the  attachment  bolts  are  always  free  tc  move  axially  on  release  of  the  nuts. 

The  nuts  and  their  redundant  cartridges  remain  with  the  pressure  vessel 
so  that  their  firing  current  comes  directly  from  the  pressure  vessel.  The  aft 
structure  is  an  inverted  cone;  this_allows  clearance  from  the  pressure  vessel  at 
separation  while  maximizing  the  space-available  for  the  parachute  on  the 
aeroshell  skirt. 


The  electrical  separation  is  accomplished 
the  pressure  vessel.  The  harness  to  be  severed 
vessel,  and  is  fitted  with  a connector  which  mate 
accessible  through  the  aeroshell  skirt. 


by  a cable  cutter  mounted  on 
is  a pigtail  from  the  pressure 
■■  with  an  electrical  interface 


Parachute  Release  (Figure  5.6-14).  The  main  parachute  s attac  e 
to  the  pressure  vessel  at  three  points  using  explosive  nuts  with  redundant 
pressure  cartridges,  as  used  on  the  probe  and  on  the  aeroshell.  The  nuts 
are  retained  with  the  pressure  vessel,  so  that  their  firing  current  comes 
directly  from  the  pressure  vessel.  There  is  no  JFD  required  in  t is  separa- 
tion. 


The  behavior  of  the  parachute  upon  release  of  the  load  is  to  virtually 
come  to  a stop.  The  suspension  lines  contract  to  their  zero  load  length,  and 
in  doing  so  pull  the  attachment  fitting  up  and  away  from  the  pressure  vessel. 
The  impulse  imparted  by  the  explosive  nut  to  the  bolt,  bolt  catcher,  and 
fitting  aid  in  ejecting  the  parachute  attachment  fitting  away  from  the  pressure 

vessel. 


Small  Probe 


a 


Separation  Subsystem  (Figure 
rigid,  semicircular  arm,  with  a " / 


5.  6-16).  The 
1 cross  section 


baseline  design  consists  of 
, which  encircles  the  probe 
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FIGURE  5.6-lb.  LP  RGE  PROBE  PRESSURE  MODUWE/ 
DECELERATION  MODULE  SEPARATION 
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FIGURE  5.6-16.  SMALL  PROBE  SEPARATION  SUBSYSTEM 
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at  a V --shaped  ring  just  aft  of  the  aeroshell  base  diameter  and  preloads  it 
against  the  bus  structure,  During  the  earlier  studies  tiie  probe  was  held  at 
tire- base  diameter  of  the  aeroshell  proper.  However,  increases  in  base  dia- 
meter forced  the  relocation  of  the  arm  within  the  base  diameter,  due  to  con- 
straints on  space  envelope.  The  arm  is  hinged  at  one  end  and  clamped  at  the 
other  by  an  explosive  nut  mounted  on  the  bus.  The  impulse  resulting  from  the 
actuation  of  the  explosive  nut  propels  the  bolt, -and  this  impulse  is  transmitted 
to— the  arm,  causing  it  to  rotate  at— a constant  angular  velocity  of  approximately 
400  deg/ sec.  The  arm  is  hinged  at  the  leading  edge,,  that  is,  in  snrh  a manner 
that  it  rotates  in  the  s-amn-direction  as  the  rotation  of  the  bus. 

The  explosive  nut,  Hi  Shear  SN  7300  0.  9*3  cm- (3/8  in.  ) size,  uses 
redundant  squibs  and  is  identical  to  the  ones  used  on  the  large  probe.  The 
total  firing  current  fo  r the  three  probes  is  30  A for  20  ms.  The  nuts  all 
fire  within  + 2 ms,  so  that  the  probos  are  indeed  released  simultaneously .- 
This  performance  can  be  improved  by  increasing  the  firing  current,  if 
necessary.  Electrical  disconnect  from  the-bus  is  accomplished  by  a 45-pin, 
.anyard  operated  IFD,  with  the  operating  energy  being  supplied  by  a hot  wire 
actuated  pin-puller.  The  three  pin-pullers  required  for  all  probes  may  be 
operated  sequentially  or  simultaneously. 

De-spin  Subsystem.  The  two  rocket  motors  of  the  despin  subsystem  are 
mounted  from  the  aft  ring  of  the  probe  as  shown  in  Figure  5.  6-17.  They  are 
mounted  perpendicular  to  the  roll  control  fins  to  minimize  plume  impingement. 
The  aeroshell  has  an  electrical  interface  for  connecting  the  motors  to  the  firing 
circuit. 


The  motor  selected  (shown  in  Figure-5.  6- 1_8)  is  ba-sed  or  that  being 
developed  fo-r  the  MK500  program,  with- a charge  configured  to  give  a total 
im-pulse  of-  (1.  5 lb-sec)-  6.  67  N-sec. 

Atlas/Centaar  Description 

The  separation  subsystem  is  basically  the  same  for  both  the  Atlas/ 
Centaur  and  Thor/Delta  variants,  but  the  following  differences  should  be  noted: 

1)  The  separation  springs  are  resized  te  the  increased  large  probe 
weight 

2)  The  despin  rocket  charge  is  resized  for  the  increased  small  probe 
roll  inertia 

3)  The  small  probe  IFD  is  changed  t.o  that  used  on  the  large  probe 
for  commonality 
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707S  ALUMINUM  NOZZLE 

CHAMBER  PLUG 
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APPENDIX  A.  DECELERATION  MODULE 
AERODYNAMIC  CHARACTERISTICS 


INTRODUCTION 

A discussion  of  the  development  of  the  aerodynamic  characteristics 
used  in  both  the  large  (55  deg)  and  small  (45  deg)  probe  motion  studies us_ 
provided  in  this  appendix  along  with  the  applicable  references. 


CONFIGURATIONS 

Reference  sketches  used  in  the  generation  of  the  aerodynamic  character- 
istics,  including  the  reference  center  of  gravity  and  definition  of  the  afterbody 
shape  are  provided  in  Figures  A-l  and  A-2. 


DRAG  AND- AXIAL- FORCE 

Ground  test  data  were  compiled  for  use  in  the  generation  of  the  drag 
coefficient  versus  Mach  number  curves  (Figures  A-3  and  A-4).  References 

1 through  12  v ere  used  for  the  large  (55  deg)  prcbe,  and  References  1 through 

2 and  5 through  8 were  used  for  the  small  (45  deg)  probe.  Note  that  through 
the  Mach  range  the  45  deg  probe  has  a smaller  drag  coefficient  ( 25  percent 
less  at  M=  20)  than  the  55  deg  probe.  Using  Newtonian  and  free  molecular 

flow  runs,  and  the  Reynolds  variation  curves,  based  on  point  mass  trajectories, 
the  altitude  variation  of  drag  versus  angle  of  attack  was  obtained.  Using  these 
altitude  variation  curves,  the  zero  angle  of  attack  drag  prediction  from  1 e 
atmospheric  envry  point  to  Mach  20  were  developed.  The  combined  effect  of 
the  Mach  number  and  angle  of  attack  variations  (Figures  A-5  and  A-b)  were 
also  developed. 


NORMAL  FORCE 

Ground  test  data  were  compiled  to  help  generate  the  normal  force 
versus  Mach  number  curves  (Figures  A-7  and  A-8).  References  1 through 
6,  8,  11  and  PAET  data  were  used  for  the  55  deg  probe,  and  References 
1 ’through  3,  5 and  plus  Aerodynamic  data  from  previous  Mars  and  Venus 
entry  studies  were  used  for  the  45  deg  probe.  Not  only  does  the  45  deg 
probe  have  a greater  normal  force  dependence  on  angle  of  attack  at  a 
given  Mach  number  than  the  55  deg  probe,  hut  its  sensitivity  to  Mach 
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FIGURE  A-2.  SMALL  PROBE  CONFIGURATION 
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FIGURE  A-6.  LARGE  PROBE  AXIAL  FORCE  VARIATION  WITH 
ANGLE  OF  ATTACK  AND  MACH  NUMBER 
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FIGURE  A-6.  SMALL  FROBE  AXIAL  FORCE  VARIATION  WITH 
ANGLE  OF  ATTACK  AND  MACH  NUMBER 
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number  in  the  low  Mach  number  range  is  also  much  greater.  At  high  Mach 
numbers,  the  45  deg  Cnq  is  almost  three  times  greater  than  the  55  deg 
value.  Altitude  variations  were  obtained  in  the  same  manner  as  above. 


CENTER  OF  PRESSURE 

uround  test  data  were  obtained  for  use  in  generating  the  Mach  number 
variation  of  center  of  pressure  (Figures  A-9  and  A-'.O).  References  1 through 
4 were  used  for  the  large  probe,  and  References  1 through  3 were  used  for 
the  small  probe.  These  center  of  pressure  curves  actually  represent  a static 
margin  in  that  they  present  the  distance  between  the  center  of  pressure  and 
the  first  maxim xun  base  diameter  which  is  the  reference  c.  g.  location.  The 
positive  values  refer  to  c.  p.  locations  aft  of  the  c.  g.  The  two  configurations 
are  similar  in  Mach  sensitivity,  with  the  45  deg  having  a moment  arm  about 
half  that  of  a 55  deg,  which  means  a forward  X shift  of  » 20  percent  of 
the  base  diameter.  CP 


PITCHING  MOMENT 

Ground  test  data  were  used  to  obtain  the  pitching  moment  versus  Mach 
number  curves  (Figures  A- 11  and  A- 12).  References  2,  4,  12,  and  PAET  data 
were  used  for  the  55  deg  probe,  and  References  2 and  5 were  used  for  the  45 
deg  probe.  By  comparison,  the  45  deg  probe  has  the  same  Mach  sensitivity 
as  the  55  deg,  with  the  former  having  a steeper  Cm  versus  angle  of  attack 
slope  (1.  5 times  the  slope  of  the  55  deg)  at  a given  Mach  number.  Altitude 
variations  were  generated  as  before. 


DYNAMIC  DAMPING 

While  the  previous  curves  represent  the  static  stability  of  the  probes, 
the  dynamic  damping  coefficient  versus  Mach  number  curves  (Figures  A -13 
and  A- 14)  give  some  indication  of  the  dynamic  stability  of  the  two  probes. 
Reference  2 and  PAET  data  provided  the  data.  Little  difference  exists  be- 
tween the  two  configurations  at  the  higher  Mach  numbers,  but  the  55  deg  is 
more  unstable  at  transonic  Mach  numbers. 


ROLL  COEFFICIENT 


Historically,  this  parameter  has  been  very  difficult  to  predict 
accurately  and  then  quantitatively  demonstrate  on  a reentry  vehicle  flight. 
The  approach  taken  in  the  current  analysis  is  to: 


1) 


Review  flight  experience  on  vehicles  having 
and/or  flight  conditions  where  possible. 


similar  materials 


2)  Understand  the  mechanisms  causing  roll  torques 
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3)  Develop  a theoretical  best  estimate 

4)  Combine  the  above  to  derive  the  most  likely  and  worst  case 
value,  which  could  be  expected  for  a Venus  probe. 

A backlog  of  several  hundred  flights  exist  on  the  A-45  configuration, 
a vehicle  having  a phenolic  nylon  heat  shield,  which  reenters  with  a shallow 
path  angle  and  has  a relatively  mild  heating  environment.  The  roll  rate 
histories  of  a 25  flight  sample  have  been  reviewed  with  the  results  presented 
in  the  chart  below. 


Initial  Roll  Rate 

Average  Roll  Rate  Change 

Average  Roll  Torque 

10  to  20  rpm 

^p  = -1.0  rpm 
la  Ap  = 5.  2 rpm 

Cj  = -0.  04  x 10"4 
o 

la  Cj  = 0.  19  x 10"'k 
o 

The  mechanism  causing  these  roll  torques,  namely  a rough  thick 
char  layer  representative  of  long  term  laminar  heating,  will  not  be  present 
on  the  Venus  entry  probes. 

Considerable  data  exist  on  high  performance  vehicles  having  carbon 
phenolic  heat  shields.  These  shields  tend  to  produce  roll  torques  coefficients 
typically  exceeding  0.  5 x 10*4  and  reaching  levels  above  1.  0 x 10"^.  (A 
mechanism  related  to  the  shield  manufacturing  process  has  been  identified 
which  appears  to  be  the  major  cause  of  roll  torque  coefficient  for  these  shields. 
Heat  shield  fabrication  for  Pioneer  Venus  will  eliminate  the  bias  due  to  this 
manufacturing  process  and  therefore  preclude  the  major  roll  source  for 
Carbon  Phenolic  shields. ) 

Based  on  the  above  considerations  and  data,  the  following  conclusions 
have  been  reached  regarding  potential  roll  torques  for  the  Pioneer  Venus 
probes: 

1)  Roll  torque  coefficients  for  earth  reentry  vehicles  shows 
variations  between  0.  04  to  l.f)  x 10-4  for  various  materials 
and  vehicle  geometries. 

2)  High  roll  torque  coefficients  ( >0.  75  x 10“4)  exist  for  short 
durations  on  many  of  the  earth  entry  vehicles,  but  the  average 
values  are  significantly  below  the  peaks. 

3)  Pioneer  Venus  probes  will  not  have  thick  char  layers  which 
are  characteristic  of  A-45  phenolic  nylon  heat  shields. 
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APPENDIX  B.  SMALL  PROBE  LANGLEY 
SPIN  TUNNEL  TESTS 


INITIAL  LANGLEY  TESTS 
Facility 

The  Langley  Research  Center  spin  tunnel  is  an  atmospheric  wind 
tunnel  with  a vertically  rising  airstream  which  produces  a maximum  velocity 
of  about  27.  4 m/sec  (ft/ sec).  The  models  are  tested  in  free  vertical  descent 
and  the  aerodynamic  stability  characteristics  are  observed  both  visually  and 
photographically.  Model  drag  is  determined  at  conditions  when  the  model  is 
essentially  suspended  with  no  vertical  velocity  an  1 essentially  no  oscillations. 

Launches  were  made  with  the  models  undisturbed  at  zero  angle  of 
attack,  at  large  angles  of  attack  (45  deg  or  greate  ),  and  at  various  spin 
rates  ( «0.  5 to  2 rps.  ) 

Test  Models 

The  primary  series  of  test  models  consisted  of  four  forebodies  which 
are  interchangeable  wit’  three  different  afterbodies.  Three  of  the  forebodies 
consist  of  45,  51.  5,  an<  55  deg  half  angle  sphere  cones  with  a nose  radius-to- 
base  radius  ratio  of  0.  5.  The  fourth  is  a hemisphere.  Two  of  the  after- 
bodies are  hemispheres  having  afterbody  diameter  to  forebody  diameter 
ratios  of  0.  9 to  0.  7.  The  third  is  a 55  deg  conical  afterbody  with  a 0.  ? 
diameter  ratio. 

The  effects  of  stabilization  fins  were  investigated  on  four  of  the 
configurations,  namely,  the  45  and  55  deg  forebodies  with  the  0.  7 and 
0.  9 hemispherical  afterbodies. 

Sketches  showing  the  various  configurations  tested  are  included  as 
Figures  B-l  and  B-2.  The  maximum  diameter  of  the  models  is  34  3cm 
( 13.  5 in). 

, Fn*  te“ta  °f  8everal  configurations,  a ring  ( »1.  27  cm  (0.  5 in)  wide) 
of  No.  60  sandpaper  was  installed  near  the  maximum  diameter  on  the  45  and 
deg  forebodies. 
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FIGURE  B-1.  CONFIGURATIONS  TESTED 
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varying  the  c.'g^' location' * weifhf  f^ramet.er  variations  w»s  achieved  by 
different  fin  configur^  ln  R*Y™}ds  number),  adding 

number  variation  for  various  model  weights'18  If  cPnfl8uration>  Reynolds 
Figure  B-  3.  model  weights  and  velocities  are  shown  in 


FINAL  LANGLEY  TESTS 

at  the  N^A-L^gleyIFrUeruah1t*Sub«onii"wh'/TeV10“8  “ctio"  conducted 
induced  dynamic  ii.L^M.VSSU >P» 
attached  to  the  models  and  were  noted  to  v,»  ‘ *At  th  f tU?e  lar8e  fins  were 
the  initial  roll  rate  and  hence  nravanf  *,  e.xtreme^y  effective  in  damping 

were  completed  with  the  objeef  of  evahEftinf  the^f/1*/'  Additional  tests 
on  the  roll  damping  moment  Cl  ?.]he  Pffect  of  various  fin  designs 

were  tested  at  variou^f!  Bo?lsohd  and  fabric  drogue  devices 

high  initial  spin  rates  In  addition  tesE?*11"'1  ^ m°del  with*  and  without, 
•mohe  to  evaluate  U,ta*  “» 

Models 


in  Figure  tT  t ^ °'  7 ■*•*«'»  *■  .h«» 

antenna  cover  have  been  added  to  k • mu*ated  attachment  ring  and  an 
Figure  B-5  showe  the  varioua  fta  ,‘C  veMcle  sinc«  the  earlilr  teste. 

■iaee  1.  2.  and  3 were  deSg«d  ,1  orTvel^n  "“f  T"  Fin 

sonic  wake  closure  including  in  p ent  flow  attachment  due  to  hyper- 

4t  Mgh  M“h  h-hfrrwhneF?„t^Fu^p:rud5eT«U‘d 

fnat'i!  JSSSa  -t  o'"  alurninurn  a^ic^iV' 


several  oftE?  test’s  1^° a' m^ans^.tabTli^f8116  dtvice  which  was  used  m 
nodels  were  obtained  from  NASA  Lan  i zatlon'  Two  additional  parachute 

geometric  poro.it,  ring  sai,  par.ch^hTd^tlrX”"?^^^ 

vehicle^  c\ntTr Un^fnEoThe6  See* stf efm  perpRndlcular  to  th« 
did  not  appear  to  influence  the  resulting  moTiom^  m°dcl 

) vehicle  made  Ehe°  r“ uufnf  m^de  1 * aingle  ,P°int  attachrnent  to  the 
model  was  apu^  IVv le88  8Uble'  Wh*"  the 
point  attachment  to  the  model  resulted*! “ult5d;  Usin«  a three 
of  -0  deg  even  when  a high^lfrarwa^^^c^16  °f 
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FIGURE  B6.  FIXED  FIN  MODELS 
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FIGURE  Bft.  SOLID  FOAM  DROGUE 
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^ Xer«o^ri8er  lir!f  and.  hence,  relative  position  of 

the  solid  drogue  behind  the  model  from  230  to  620  percent 

e°  f"t  on  ^ "0t  app‘ar  t0  have  a 

exiect  on  resulting  motion. 

4)  Mirtmf5Ia*thUtel-at,t  *Ched  t0  thC  VChicle  USinS  a sin8le 

point  made  the  vehicle  motion  less  stable  than  one  of  high 
geometric  porosity.  ® 


5) 


6) 


7) 


^ Pajachute  with  high  geometric  porosity  attached  to  the 

"l^*1  at  t<Jre*  P°intB  120  deg  apart  resulted  in  small  total 
angle  of  attack  osciallations  (<5  deg)  and  was  effective  in 
damping  roll  rate. 

No  discernable  change  in  the  motion  of  tufts  located  on  the 

If  thp°by  at  thC  maximuzn  diameter  to  identify  the  state 
of  the  boundary  layer  was  observed  when  increasing  the 
tunnel  velocity  from  *20  ft/sec  up  to  »60  ft/sec.  ? 

omoke  visualization  showed  very  dramatically  the  location 
of  the  reverse  f.ow  region  in  the  wake  of  the  model. 
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appendix  c.  small  probe  test  analysis  techniques 
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INTRODUCTION 

, ,The/°ie  o£  the  subsonic  stability  tests  is  to  observe  stabilitv 

and  angle  of  attack  behavior,  and  translate  the  results  to  the  full  scale  small 
probe.  The  basic  model  used  is  that  of  Reference  1 wherein  • 

modifications  have  been  made  as  reanireH  t-v,  ’ . rein  extensions  and 

the  model  of  Reference^  l b*S*.  “ 7'°™'' 

mately)  of  'terminal  fall".  PP  V f vehlcle  ,n  a condition  (approxi- 

Valuable  data  were  obtained  on  the  dynamic  and  spin  behavior  of  a 
matrix  of  candidate  probe  configurations  TvDical  nlnt-o  jQ(.„  t 
tunnel  te.t.  ere  ore.ented  in  Figure.  CM  and  C 2 n . 13  T 1 T" 
need  in  the  overall  design  analyfis  of  the  smfil  p^he 


en 


that: 


Specifically,  for  the  spherically  blunted  configurations  it  was  found 

1)  All  had  adequate  static  stability 

2)  Dynamic  stability  was  highly  dependent  upon  longitudinal  c.  a 

position  and  spin  rate  6 ® 

3)  Probe  engineering  considerations  regarding  the  c.g.  range 

possible  have  shown  c.g,  position  trades  very  favorably  with 
reducing  cone  angle  y 

4)  With  realistic  c.g.  ranges: 


a) 


b) 


The  55  deg  configuration  was  either  dynamically  unstable 
zero  spin  rate,  or  at  best,  stable  for  snin  rates  of  about 
30  rpm  or  less  (modelXcg  =6. 35mm  [o.  25  in.]  forward  of 

maximum  diameter).  The  corresponding  spin  rate  for  full 
scale  is  approximately  25  rPm. 

The  45  deg  configuration  was  dynamically  stable  for  all  c.g. 

tn  gtf  r te,t.ed  at  *ero  “Pin  r»te-  Spin  rates  in  the  range  508 
to  80  rpm  (scaled  values  -40  to  65  rpm)  produced  neutral 

t*o *3 "ftrrV aY'i8*,?T  fc!,ted  (model  c’8-  from  1.52  cm 
to  3. 04  cm  [0.  6 to  1.  2 in.J  ahead  of  maximum  diameter. 
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FIGURE  C-t.  TEST  61  MOTION  DATA  - STABILITY 
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MOTION  ANALYSIS 

1 

Stability  observations  of  spin  tunnel  model  tests  can  be  extraoolated 
to  conclusions  about  full  scale  stability  if: 

1)  The  models  are  inertially  scaled  versions  of  the  full  scale 
probe(  (e.  g.  , be  built  from  the  same  materials  with  all  dimen- 
sions linearly  scaled). 

2)  Full  scale  spin  rates  are  scaled  from  the  model  spin  rate  as 
the  inverse  square  root  of  the  length  ratio,  i.  e.  , when 

P - p I model  diameter 

I.S.  model^f  F.S.  diameter 

3)  The  model  ard  full  scale  probe  lift  force  derivative  (C.  ) 
and  pitch  damping  derivative  (C  ) are  the  same.  The  a 
coefficients  will  be  the  same  if : rnq 

a)  The  model  and  full  scale  probe  bodies  are  the  same  shape 

b)  Mach  number  and  Reynolds  number  are  in  the  same  range 
as  will  be  expected  in  the  Venus  atmosphere 

If  all  these  conditions  are  met,  then  the  aerodynamic  coefficients  need  not  be 
determined  at  all.  Observation  of  dynamic  stability  in  a test  would  immedi- 
ately imply  full  scale  dynamic:  stability  at  a full  scale  spin  rate  given  by  the 
spin  rate  scaling  equation.  For  nonspinning  models  there  would,  of  course, 
be  a direct  correspondence,  not  requiring  any  scaling  calculations. 

Finally,  static  stability  would  be  common  between  model  and  full  scale 
probe  provided  simply  that  the  two  bodies  were  of  identical  outer  shape,  had 
geometric  scaled  c.g.  locations,  and  that  the  static  pitching  moment  slope 
(C  ) were  unaffected  by  CO,. 
ll‘a  2 

MOTION  MODEL  SUMMARY 

General  observations  based  on  the  analysis  of  the  spin  tunnel  film 
data  are  summarized  below: 

1)  Virtually  all  of  the  configurations  tested  had  ample  static 
stability  (as  predicted). 

2)  The  55  deg  cone  forebody  models  all  featured  markedly  worse 
dynamic  stability  than  the  45  deg  cone  forebody  models. 

3)  Longitudinal  c.g.  position  had  a profound  effect  on  dynamic 
stability  for  all  configurations  with  conical  fc.rebodies,  regard- 
leys  of  afterbody  shape,  and  regardless  of  whether  fins  were 
used. 
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4)  Large  fins  (projecting  into  ihe  airstream)  had  a large  effect 
on  dynamic  stability,  but  a small  effect  on  static  stability 
(in  both  cases  an  improvement). 


5)  Large  fins,  as  expected,  had  a very  large  effect  on  roll- 
damping characteristics. 

6)  The  effect  of  spin  rate  tended  to  damp  the  high-frequency  mode 
and  undamp  the  low-frequency  mode  (as  predicted).  The  magni- 
tude of  the  effect,  however,  was  somewhat  larger  than  predicted. 

For  the  55  deg  configuration  with  forward-most  c.g.  location, 
spin  rates  less  than  40  rpm  were  required  to  maintain  dynamic 
stability.  In  the  wo  rst  c.  g.  positions,  however,  the  model 
tumbled  even  at  zero  spin  rate.  Large  fins  corrected  the 
instability  for  the  intermediate  c.  g.  position  - 1 . 27  cm  (-0.5  in.) 
but  not  for  the  aft -most  c.g.  -2.  95  cm  ( - 1 . 1 6 in.  ).  For  the 

45  deg  configuration,  dynamic  instability  or  larger  than  accep- 
table limit  cycle  motion  occurred  for  spin  rates  in  the  general 
range  between  approximately  50  to  80  rpm,  depending  upon 
longitudinal  c.g,  location.  This  scales  to  a spin  rate  range  of 
approximately  40  to  65  rpm,  full  scale,  assuming  inertial 
similarity. 

It  is  important  to  note  that  longitudinal  c.g.  range  tested  in  each  of 
the  blunted  conical  forebody  configurations  corresponded  to  a (scaled)  range 
which  was  truly  representative  of  the  actual  c.g.  values  realizable  in  the 
associated  full  scale  configurations. 

Thus  the  preference  for  the  45  deg  forebody  over  the  51.5  or  the 
55  deg  forebodies  reflects  primarily  the  fact  that  it  is  possible  to  achieve 
more  forward  c.g.  positions  the  shallower  the  cone  angle.  The  shallower 
cone  angle  j.s  also  more  dynamically  stable  because  changes  in  aerodynamic 

lift  curve  slope,  CT  , with  cone  angle  tend  to  improve  stability.  ( 

•L'» 

1 

DATA  EXTRACTION  FROM  FILMS 

j 

Velocity  and  time  are  recorded  digitally  on  film.  Pitch  and  bodv  fre- 
quency is  determined  from  the  oscilla:ion  period.  Angle  of  attack  amplitude 
is  estimated  visually,  using  the  background  printed  reference  stripes  on  the 
inside  of  the  test  section  and  the  model  geometric  features  as  Teferencee. 

For  non -zero  spin  rates,  the  above  information,  except  Wq,  is 
recorded,  and  ir.  addition,  the  following; 

f - body  frequency  (invariably  the  low-frequency,  and  occasionally, 
in  addition,  the  high-frequency) 

p = spin  rate 
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FIGURE  C 3.  TEST  57  MOTION  DATA 
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Spin  rate  is  determined  by  timing  roll  periods  using  the  reference  stripes 
on  the  model,  and  "eyeball"  accounting  for  biases  due  to  vehicle  lateral 
translation  with  respect  to  the  camera. 

Sample  results  are  shown  for  typical  nonspinning  cases  in  Figures 
C-l  and  C-5  and  for  a typical  spinning  case  in  Figures  C-7  and  C-9.  Angle 
of  attack  histories  are  shown  in  Figures  C-2.  C-3,  and  C- 4 (nonspinning) 
and  in  Figures  C-6  and  C-8  (spinning).  Note  that  the  angle  of  attack  histories 
are  plotted  on  semilog  paper.  The  slope  measured  is  therefore  a direct  mea- 
sure of  the  damping  parameter  k (or  \±A\  in  the  case  of  spin  tests).  The 
fact  that  the  estimated  angle  of  aftafck  histories  for  nonspinning  cases,  when 
plotted  on  semilog  paper,  generally  tended  to  be  straight  lines  (whether  the 
angle  of  attack  converged  or  diverged)  for  angles  of  attack  up  to  30  to  40  deg 
lends  some  credence  to  the  ability  to  visually  extract  such  data,  and  lends 
considerable  credence  as  to  the  validity  of  the  zero  spin  rate  motion  model 
which  predicts  the  dynamic  angle  of  attack  to  vary  exponentially. 

Values  of  aerodynamic  lift  derivative  (C^  ) and  pitch  damping  deriva- 
tive C are  obtained  by  solving  force  and  morneftt  equations  and  substituting 
m 

q 

known  and  spin  tunnel  observed  parameters  into  the  equations.  Toe  results 
obtained  from  this  analysis  based  on  several  tests  provided  consistent  results 
for  C.  and  C , mean  values  being  -0.  17  ± 20  percent  and  -0.  22  ± 13  percent, 

mq 

respectively  for  XncT  of  2.92  cm  (1.  15  in.  ) and  2.83  cm  (1.11  in.  ).  Cm  values 
c8  q 

of  approximately  -0.  13  were  derived  for  nonspinning  cases  with  Xcg  in  the  same 

range. 


The  success  of  these  calculations  leads  to  the  following  conclusions: 

1)  Values  of  and  Cm  at  conditions  of  low  Mach  number  turbu- 

lent flow  conditions  agree  with  predictions. 

2)  Motion  model  used  to  predict,  stability  in  spinning  cases  is  in 
error. 

The  most  likely  sources  of  error  in  the  spinning  motion  equations 
are  as  follows: 

1)  Existence  of  low  subsonic  magnus  effects 

2)  Insufficient  validity  in  representing  the  static  pitching  moment 
coefficient  derivative  (C_  )au  a constant  (e.  g.  , nonlinear  effects 

at  large  amplitude  motion,  hysteresis  effects,  etc.  ) 

3)  Insufficient  validity  in  representing  the  pitch -damping  deriva- 
tive (C  ) independent  of  motion  amplitude  and  motion  charac- 

mq  , . 

ter  (e.g.,  planar  versus  circular). 
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FIGURE  C-4.  TEST  20  MOTION  DATA  • ANGLE  OF  ATTACK  (NON  SPINNING) 
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FIGURE  C-IS.  TEST  20  MOTION  DATA  - PITCH  FREQUENCY  (NON  SPINNING) 
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ANGLE  OF  ATTACK  ~ DEG  AND  SPIN  RATE 
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FIGURE  C-6.  TEST  20  MOTION  DATA  - ANGLE  OF  ATTACK  AND  SPIN 
RATES 
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FIGURE  C7.  TEST  20  MOTION  DATA  - STABILITY 


C-9 


(D)IE»C91C£ 


SPIN  RATE  AND  FREQUENCY 


FIGURE  C B.  TEST  20  MOTION  DATA  - ANGLE  OF  ATTACK 
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FIGURE  C-8.  TEST  20  MOTION  DATA  - SFIN  RATE  AND  FREQUENCY 


SPIN -DAM  PING  DERIVATIVE 

the  a pin^d ampi ngG ef  f <Tc^ti  ve*ne 3 * 1^1  ^ apProPriaU'  determine 

aft  of  the  aeroshell  For  a sorieq8*??  onRitudinal  aerodynamic  fins  mounted 
wa«  derived  from .pinXmod">  *«'» «“•««.».,  CIp 

seen  tha^fh"  be  ireTO^ne'ALf0'?’!  8pi”  rate  Plot»  herein  it  is 

sistent  results  were  determined  for  Ci  orthe^H^-t  v^’  V?.ry  g°°d  and  con' 
various  number,  and  *nd  Wi‘h 

sufficiently  hvrgt  apfn  ra^'lu'ch",  d'”'  T”*1"  W"e  !aa"'hed  ”«h 

of  attack  divergence  the  snin  rate d t°.1^ce  laati*g  or  temporary  angle 
behavior.  From  the  limited  analv,  deVlatfd  ma^edly  from  exponential 
concluded-  analysis  performed  the  following  have  been 


1) 


Th&  deviations  from  exponential  behavior  of  spin  rate  are 
definitely  linked  with  the  angle  of  attack  excursions 

2)  f^he  °bserved  irregularities  seem  to  depend  as  much  uoon 

XuZSScfiSsr of  angle  of  attack  as  they  d°  - 

primarily  as  an'lcademic  Curiosity' ra^hCr^hlln"  Vr°o°ble  ^ ^ be  reSarded 
ful.  the  full  scale  probe  should  not  feature  large  angle  of  attiTk  divergences!" 

In  all  c abob^  t h e ata*'  we re^ a^en Tnlm  6 3 °*To11  damPin*  d^vative,  Cj  . 

amplitude,  and  represent  averages  of  repeated  atUck  P 

paring  cases  where  a common  configuration  was  uMri  \ "a%Jound  ln  com" 
of  symmetrically  - arranged  fins  13  and  ui  »u  t f,  used'  but  dlf£erent  numbers 
»■  relatively  constant  regarSlei,  of  the  „LmLS'  fT*8'  C>  /fin 

were  used.  With  this  number,  the  average  C /fin'JrV’d  SjX  tln*  P 
20  percent  due  to  mutual  fin  interference8  ° P in  d“‘;*d  aPProximately 
significantly  improve  the  roll  darrtnin  In  general  these  small  fins 

This  is  readily  ap^rent  in  Table °V"  °f  the  b"ie  bodV  «».. 
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FIGURE  C-10.  SPIN  RATE  HISTORIES  - FIN  CONFIGURATION  5 (SIX  FINS) 
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FIGURE  Oil.  SPIN  RATE  HISTORIES  - BARE  BODY  (NO  FINS) 
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FIGURE  C-12.  SPIN  RATE  HISTORIES  • FIN  CONFIGURATION  2 (THREE  FINS! 
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TABLE  C-l . SUMMARY  i'OLL  DAMPING,  Cj  , RESULTS 

P 


Fin  Configuration 


Number 
of  Fins 


C1  Fin 
P 


Total  Cj 

P 

(Body  and  Fins) 


No  fins  (bare  body) 


Barn  door 


2 

-0. 102 

3 

-0.016 

4 

-0.012 

-0. 0520 

6 

-00119 

-0. 0752 

3 

-0. 0059 

4 

-0.0080 

-0. 0356 

6 

-0.0063 

-0. 0414 

3 

-0. 0034 

4 

-0.0032 

-0. 0168 

6 

-0. 0025 

-0. 0190 

3 

-0. 0032 

4 

-0.0032 

-0. 0166 

6 

-0. 0024 

-0. 0184 

3 

-0. 00194 

4 

-0. 00178 

-0. 0109 

6 

-0.00134 

-0. 0127 

-0. 00375 

4 

-0. 085 

-0.  34 
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APPENDIX  D.  SMALL  PROBE  AMES 
WATER  TUNNEL  TESTS 


INTRODUCTION 

A series  of  drop  tests  were  conducted  at  the  NASA-Ames  Water  Tank 
Facility  to  evaluate  the  qualitative  stability  behavior  of  a small  probe  model. 
The  teets-were  planned  to  provide  initial  configuration  screening  prior  to 
tests  at  the  NASA  Langley  Subsonic  Spin  Tunnel,  although  due  to  scheduling 
constraints  the  tests  were  run  almost  concurrently.  Since  the  wind  tunnel 
tests  were  considered  more  representative  of  flight  conditions  encountered 
in  Venusian  terminal  flight  environment  the  data  reduction  and  subsequent 
analysis  was  concentrated  on  that  data. 


MODELS 

A sketch  of  the  water  tank  models  is  shown  in  Figure  D-l.  They 
consist  of  45,  55,  65  deg,  and  spherical  forebodies  with  0.  7,  0.  9,  full 
dome,  and  45  deg  conical  afterbodies.  Duplicate  pieces  were  made  using 
stainless  steel  and  magnesium  to  permit  variations  in  c.  g.  position  and 
in  terminal  velocity  with  the  same  external  geometry.  Provisions  for  a 
"heavy  metal"  slug  was  also  made  to  permit  small  variations  in  c.  g. 
location.  Model  base  diameters  were  2 in.  with  nose  radii  equal  to  1 in.  . 
For  comparison  purposes  between  the  various  configurations,  the  c.g. 
location  was  placed  at,  or  as  close  as  possible,  to  the  base  plane  of  the 
forebody. 


TEST  RESULTS 

General  trends  observed  include  that:  1)  going  from  a large  to  a 
small  dome  results  in  a destabilizing  influence  and  a higher  angle  of 
attack  amplitude,  2)  increasing  cone  angle  from  45  to  65  deg  results  in 
decreased  stability.  It  should  be  noted,  however,  that  this  trend  may  be 
partially  due  to  the  aft  c.  g.  travel  encountered  due  to  physical  mass 
property  limitations  on  the  models  tested.  That  is,  the  c.g.  plane  is 
slightly  ahead  of  the  base  plane  for  the  45  deg,  slightly,  aft  of  the  base 
plane  for  the  55  deg,  and  further  aft  for  the  65deg,  3)  in  general,  heavier 
weightmodels  were  more  stable  than  lighter  weight  models,  Reference  1 would 
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FIGURE  0-1.  TEST  MATRIX 
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1 tarhf,Unhf  fi  f£eC  18  dUC  A0-.  j.Reynolda  Number  variation  from  a laminar  to 
1 * fL  ■ .regime-  Additional  unpublished  data  obtained  by  Reference  1 

hnrii/0tCS  !u?nntl0ri  ocp,irs  between  3.  7 x 10  and  7.7  x 10  for  blunt  conical 
bodies  in  this  flow  environment;  4)  aft  center  of  gravity  travel  will  result  in 
decreased  stability.  With  far  aft  locations  the  models  were  stable  at  180  deg 
angle  of  attack  even  though  they  were  launched  initially  at  0 deg  angle  of  attack. 

_ . Coeffxcie«ts  result  from  initial  position  measurements  and  computer 
matching  of  resultant  trajectories.  Attempts  to  obtain  velocity  and  hence 
drag  coefficients  by  straight  measurements  introduced  large  uncertainties 
m the  coefficients  <+  50  percent)  and  for  that  reason  are  no® iSSS  here. 

• General  trends  observed  in  the  water  drop  tests  agree  with  those 
obtained  in  the  wind  tunnel  tests;  namely,  smaller  cone  angles  show 
better  stability  than  larger  angles  for  the  range  of  allowable  c.  g positions- 

n in  C'g>  reSults  in  better  stability.  The  sensitivity  to  ’ 

afterbody  size  however  was  not  observed  in  the  wind  tunnel  tests.  No  ap- 
parent motion  changes  occurred  between  the  0.  7 and  0.  9 afterbody  This 

ma«nit?dJh-ehePrde*?  Re*nolds  Number  which  was  an  order  of 

magnitude  higher  for  the  wind  tunnel  than  that  of  the  water  tank. 

REFERENCES 

* * ^ ’ Nurt,  "Contract  NAS  2-7250  Reynolds  Number  Effect  in 

,,ater  Pr°P  Tests-"  NASA  Ames  letter  to  Hughes  Aircraft/GE 
(from  T.  Canning)  7 December  1972. 
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APPENDIX  E.  AUXILIARY  STABILIZATION  - SMALL  PROBE 


INTRODUCTION 

Prior  to  ,h.  Atlas/Centaur  ^»t»decUion. 

considered  to  enhance  subsonic  terrain  ^ angle  of  attack  buiid-up 

,how„  in  small  probe  to  provide 

in  terminal  flight,  hence  fin  ...  .stabilization  devices  were  considered 

roll  damping.  Two  additional  aux  drogue  parachute, 

for  the  small  probe,  namely  a rig  g . Mach  Numbers  ( = 0.  9)  and 

SZZZZrXS  dr'ogue  devices , will  be  reviewed. 

I I 

GENERAL  GUIDELINES 

Several  general  guidelines  were  applied 1 to  the  s tabUUa.lon  devlc, Should 

under  consideration.  1)  the  drag .area  of  'h'  a,  not  to  alter 

be  approximately  the  same  a.  the  »"**“  weiBht),  2)  the 

the  descent  time  and  increase  lr  Mach  numbers  where  potential 

device  should  be  deployed  at  lg  ® , diversions  3)  the  device  should 

instabilities  would  initiate  angle  ol  attack . d ; ' „810-K  ( 1000*  F) 

survive  to  the  Venusian  antenna  per- 

temperature  environment,  and  4)  the  aesign  inu»i  “ * . 

forrnance  either  during  the  initial  entry  or  after  deployment. 

EFFECT  ON  PROBE  DESIGN 

Using  these  guidelines,  '£V"aMUea^ 
vehicle  design  were  assessed.  _ a static  margin  may  be  reduced  and  the 
subsonic  stability,  the  required I probe  ,^^rIJ^rSl'nay  be  used  to  ad- 
fixed  fms  may  be  el^ninated.  ^ fhufi  reducing  the  bus  installational 

vantage  by  reducing  the  base  Jia™e  1 ' - ht  Reducing  the  diameter  from 

problems  and  decreasing  the  ba  p 125  kg  (Z  5 lb)  in  heat  shield  and 

bl  cm  (24  in.)  to  50.9  cm  (22  in.)  saVe®  -1*1  ^otllr  0 272  kg  (0.6  lb),  making 

*U  CoT^L:  can* beT applied  to  the  weight  o£  the  new  stablU- 
*aUon  devi'ce  sulsV^em.’  It  should  be  "noted  tha,  the  reduced  static  margin 
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PARACHUTE  DIAMETER.  Og,  CENTIMETERS  AND  (FEET) 

FIGURE  E-1.  EFFECT  OF  PARACHUTE  ON  SMALL  PROBE  DRAG  AREA  AND 
TERMINAL  VELOCITY 
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; will  not  degrade  supersonic  performance  since  the  c.  g.  will  still  be  at  or 

t 

DROGUE  PARACHUTE 

^rrfIES}~  £»£  :=»»?£■ 

30.  5 cm  (1  ft).  igure3  thts  occurs  for  a parachute  diameter  of 

velocitvTOandao^te  ;he.sensitivity  o{  parachute  diameter  on  loads,  terminal 
RetardiHnn  « t Rectory  parameters  as  well  as  on  system  weight  The 

Results  SZStem  Selectlon  Computer  program  RESSEPwas  utilized.’ 
ts  of  these  computer  runs  are  summarized  in  Tahl^  tt  i fn**  j 

D^”  f 'V'-  24'  4’  30-  5'  *"«  «•  (»f5  0 t ! ft ‘S' 

ployment  conditions  for  all  diameters  were  M = 0 Q at  an  altitude  of  A?  l. 
based  on  Ye  = 90°  entry  trajectory.  * 1 n altUade  of  67  km 

i loads  vary  between  31  N (6.  9 lb)  and  23b  N lb 3 s im  . , 

loads  between  852  N (190  lb)  and  1980  N (441  lhl  (63.8  lb),  snatch 

which  iSAchapahbfro7'5r.lo  fftft.  '“ft  r,‘bb°n  P*f“»ute  made  of  fiberglass 

“.Utcted-  „ Chhical  ribbo0„7a?."S"e^SLfteBftrr."fteH.nce 

qiiri^ntftfUp\rachSet‘v,>SHi’nd1,a  '"*!  number  rJ‘  potential  vendors,  b- 
eitber  thTpafthuftd^tg^  P?“-»  »«■> 

£ ££&£  SSS"  and^vehlcfe^harness 

(boonde?b7ft;a;ftTin\^^r:ddlLdn'^°hVm'nl'  a"d  ,hC  apaee 

allows  for  a tnorVr  cftS  ^met'afty' •£»' 
eter  by  6 in.  lone)  ffirinu  afn  «r  in  io  y i as  cm  long  (2.  25  xn.  diarn- 

v^'L^L^raX^^ 
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TABLE  E-l . RESSEP  ANALYSIS  OF  SMALL  PROBE  PARACHUTE  SYSTEMS 


INPUT 

DQ  drogue,  m (ft) 

0.  15 

0.  24 

0.  30 

0.  46 

(0.  5) 

(0.8) 

(1.0) 

(1.5) 

OUTPUT 

Deployment 

. 

Altitude,  m (kft) 

67.  0 
(219. 8) 

Q,  kg/m2  (lb/ft2) 

443.  0 
(90. 66) 

Mach 

0.  9 

•y,  deg  (down  from 
horizontal) 

89.  1 

Loads 

Snatch,  kg  (lb) 

86.  3 

107.  1 

119.  4 

200.  2 

(190.  0) 

(236.  0) 

(263.  0) 

(441. 0) 

Open,  kg  (lb) 

3.  1 

8.  0 

12.  53 

29.  0 

(6.  9) 

(17.7) 

(27.6) 

(63.  8) 

Full  open 

Altitude,  m (kft) 

67.  0 
(219.7) 

Q#  kg/m2  (lb/ ft2) 

400.  7 
(82.  0) 

Mach 

0.  84 

y.  deg  (down  from 
horizontal) 

89.92 

Terminal 

Altitude,  m (kft) 

63.  5 

63.7 

63.  8 

64.  3 

(208.  3) 

(209. 0) 

(209.4) 

(210.9) 

Velocity,  m/sec 

94.7 

93.0 

91. 4 

86.  9 

(ft/ sec) 

(310.7) 

(305.  0) 

(300.  0) 

(28.  5) 

V eject,  m/sec 

21.7 

23.  9 

(ft/ sec) 

(71.  3) 

(78.5) 

Time  on  mortar, 
(sec) 

0.  03 

0.  03 

0.  04 

0.  04 

*avg  on  mortar, 
N (lb) 

24.  9 
(5.6) 

33.4 

(7.5) 

3 8.  3 
(8.6) 

49.  5 
( I A . 12) 

Weight  R/S,  kg  (lb) 

1. 03 

1.09 

1.  12) 

l.  21 

(2.  27) 

(2.40) 

(2.47) 

(2.67) 

Pack  volume, 

m^  (ft-*) 

0. 00012 

0.  00019 

0. 0024 

0. 00035 

(0.  0043) 

(0. 0067) 

(0.  0084) 

(0.  0123) 
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TABLE  E-2.  PARACHUTE  CONCEPT 
WEIGHT  STATEMENT 


Item 

Weight,  g 

Weight,  lb 

Parachute 

136.  0 

0.3 

Swivel 

90.  8 

0.  2 

Bridle 

181.  6 

0.4 

Riser  line 

136.  0 

0.  3 

Mortar 

227.0 

0.5 

Charge 

90.8 

0.2 

Structure 

136.  0 

0.  3 

Harness 

90.8 

0.  2 

Ballast 

272.  0 

0.  6 

P/V  electronics 

454.  0 

1.0 

Subsystem  weight 

1.816 

4.0 

Aeroshell  reduction 

1.407 

3.  1 

Probe  increase 

408.  6 

0.9 
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RIGID  DROGUE 


The  stabilization  device  for  this  concept  was  a rigid  drogue  who  h 
would  be  carried  as  part  of  the  aft  cover  until  it  is  deployed.  It  could  be  used 
in  either  an  inverted  mode  or  upright  as  shown  below. 


Deployment  of  the  rigid  drogue  required  that  it  be  ejected  through  the 
reverse  dynamic  pressure  region  extending  behind  the  vehicle  approximately 
two  base  diameters.  Using  the  Aerothermodynamic  Lao's  Cover  Ejection 
Computer  Program  (COVER),  the  required  ejection  velocity  was  found  to  be 
12.7  m/sec  (41.7  ft/sec)  (see  Figure  E-3).  A safety  factor  of  50  percent  is 
commonly  used  to  compensate  for  inaccuracies  in  prediction,  mechanical 
design  performance,  and  atmospheric  modeling  as  well  as  to  provide  growth 
into  more  severe  deployment  envixonmenls  due  to  weight  or  trajectory  changes. 
For  preliminary  design  therefore,  it  was  recommended  that  a 18.  3 m/sec 
(60  ft/sec)  ejection  velocity  be  used. 

From  a vehicle  design  standpoint,  the  two  main  problems  were  the 
choice  of  material  for  the  drogue  and  the  method  of  deployment  to  penetrate 
the  wake.  Material  selected  must  be  radio  transparent  since  deployed  it 
would  be  positioned  over  the  antenna,  and  it  must  survive  a temperature  of 
approximately  494.  3°C  (1000°F);  the  most  promising  candidate  was  ADL  10, 
a quartz  fiber/silicone  composite.  Two  methods  of  deployment  were  con- 
sidered. Figure  E-4  shows  the  drogue  attached  by  a ring  which  contains  a 
linear  explosive  charge.  The  ring  must  be  of  rigid  (heavy)  construction  to 
contain  the  explosion  and  the  high  shock  load  imparted  to  the  probe.  The 
selected  deployment  concept  is  shown  in  Figure  E-5.  Here  the  drogue  was 
mounted  to  a metallic  aft  cover,  the  subassembly  being  ejected  by  three  pyro- 
technic thrusters.  GE  has  extensive  flight  experience  using  similar  ejection 
devices  in  recovery  systems  on  a number  of  major  programs.  The  drogue 
was  then  mechanically  unlatched  from  the  rest  of  the  aft  cover.  A large  per- 
centage of  the  extra  weight  for  this  design  was  due  to  the  structure  required 
to  react  the  load  from  the  thrusters.  Total  subsystem  weight  was  2.  220  kg 
(4.9  lb)  (sec  Table  EI-3)  and,  allowing  for  the  1.41  kg  (3.  1 lb)  aeroahell 
savings,  the  total  probe  penalty  is  0.  818  kg  (1,8  lb). 
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FIGURE  E-3.  SMALL  PROBE  AFT  COVER  SEPARATION  HISTORY 


DROGUE  ATTACHMENT 
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FIGURE  E-4.  OROGUE  CONCEPT  A 


FIGURE  E-B.  DROGUE  CONCEPT  8 
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TABLE  E-3.  RIGID  DROGUE  CONCEPT 
WEIGHT  STATEMENT 


Item 

Weight,  g 

Weight,  lb 

Drogue 

136.  0 

0.  3 

Aft  structure 

317.  3 

0.  7 

Aft  cover 

272.  0 

0.  6 

Release  mechanism 

45.4 

0.  1 

Thruster  (3) 

408.  6 

0.9 

B ridle 

181.  6 

0.4 

Swivel 

90.  8 

0.  2 

Riser  line 

136.  0 

0.  3 

Harness 

181.  6 

0.4 

P/V  electronics 

454.  0 

1.  0 

Subsystem  weight 

2.  224 

4.9 

Aeroshell  reduction 

1.497 

3.  1 

Probe  increase 

0.  82 
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NASA  LANGLEY  TEST  RESULTS 

Subsonic  wind  tunnel  tests  conducted  in  the  NASA  Langley  ve_r.ticfl  . 
spin  tunnel  evaluated  small  probe  stability  during  terminal  flight.  The  last 
group  of  tests  evaluated  qualitatively  the  affect  of  both  rigid  and  cloth  drogues 
on  a small  probe  model. 

The  rigid  drogue  was  tested  at  varying  X/D  BASE  values 
2-1/2  and  8,  always  in  the  inverted  position.  High  frequency  rogu 
tions  were  observed  for  all  tests  and  appeared  to  be  independent  of  wake 
location.  These  were  not  carried  totally  into  the  model,  however,  due  to  the 
damping  available  from  the  riser  line.  Mode)  angle  ot  attack  was  affected  by 
the  drogue  up  to  a maximum  excursion  of  £5  deg.  Average  rtgi  < rogue  rag 
coefficient  from  these  t*  t,  was  0.  52  with  a * 10  percent  estimated  tolerance. 
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A solid  flat  circular  parachute  having  a DQ  = 25.4  cm  (10  in.  ) was 
tested  at  an  X/Dg  of  5.  Having  very  little  geometric  porosity,  the  parachute 
attempted  to  trim  at  approximately  ±20  deg  angle  of  attack.  These  high  angle 
oscillations  produced  vehicle  angles  of  attack  in  the  10  to  15  deg  range.  Para- 
chute motions  were  shown  not  to  be  wake  dependent  in  a subsequent  test  in 
which  the  same  motions  were  observed  with  lead  weight  suspended  from  the 
parachute.  Average  drag  coefficient  on  the  solid  flat  circular  parachute  was 
0.42,  also  having  a ±10  percent  tolerance. 

A high  geometric  porosity  drogue  was  then  tested  at  the  same  relative 
location  as  that  discussed  above  to  evaluate  the  effect  on  parachute  stability. 
Some  high  frequency  oscillations  were  observed  although  the  amplitude  was 
significantly  reduced  compared  to  that  of  the  solid  flat  circular  parachute. 

All  of  the  above  tests  were  conducted  using  a si.-.-de -point  vehicle 
attachment.  A marked  improvement  in  vehicle  motior  occurred  when  a three- 
point  attachment  was  introduced.  Not  only  were  vehicle  induced  angles  of 
attack  reduced,  but  in  addition  the  high  spin  rate  large  angle  of  attack  motion 
was  damped  much  faster. 


CONCLUSIONS 

Of  the  two  auxiliary  stabilization  devices  examined,  the  parachute 
appears  most  attractive,  due  largely  to  the  cleaner  deployment  afforded  by  a 
mortar  compared  to  three  pyro  thrusters  and  the  greater  experience  base 
existing  on  a parachute  compared  to  a rigid  device. 

Although  total  development  costs  have  been  estimated  at  $500K  for 
either  design,  it  is  thought  that  guaranteeing  simultaneity  on  the  pistons 
would  increase  costs.  Weight  comparisons  show  a 0.408  kg  (0.9  lb)  advantage 
for  the  parachute. 

It  should  be  noted  that  current  vehicle  motion  predictions  for  the 
Atlas/Centaur  small  probes  indicate  no  need  for  auxiliary  stabilization. 
Furthermore,  if  such  a device  were  added,  overall  system  reliability  would 
be  degraded  due  to  increased  complexity.  Thus,  with  the  decision  to  go  to 
an  Atlas/Centaur  booster  with  its  increased  flexibility  for  larger  base 
diameters  and  hence  c.  g.  location,  the  need  for  auxiliary  stabilization  devices 
has  been  eliminated. 


